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INTRODUCTION 
Swine dysentery was originally described in Indiana in 1921. It is a 
contagious infectious disease characterized by a mucohemorrhagic enteritis 
lesion confined to the large intestine of pigs. The disease affects pigs 
of all ages, but especially those between the ages of 7-14 weeks. The 
morbidity rate may be greater than 90% and the mortality rate may reach 
30%. The disease has been reported in most swine-raising areas of the 
world. 
The etiology of swine dysentery was unknown until 1971 when an 
anaerobic spirochete, Treponema hyodysenteriae, was shown to be an essen­
tial agent for reproduction of SD in conventional pigs. Although Vibrio 
coli has been thought to be associated with the disease for many years, 
its role in the disease has not been substantiated. Recently, Bacteroides 
spp. and fusiform bacteria along with T. hyodysenteriae have been shown to 
contribute to the production of SD lesions in germ-free pigs. 
Treponema hyodysenteriae has recently been cultivated in a cell-free 
liquid medium containing 10% fetal calf serum incubated under anaerobic 
conditions. Propagation of the organism in vitro has opened areas of re­
search in SD directed toward detection and prevention of the disease. 
Immunity to SD has been demonstrated in convalescent pigs after 4 
exposures to infected colonic contents. Attempts to induce resistance in 
pigs to SD through oral inoculation of avirulent T. hyodysenteriae have 
been unsuccessful. 
Researchers have demonstrated through fluorescent antibody and agglu­
tination tests specific circulating antibody in swine sera to T. hyo-
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dysenteriae. However, the results obtained from these serological tests 
could only be used for diagnosis on a herd basis. A definite need exists 
for the development of a serological test with sufficient sensitivity to 
detect antibody in individual pigs to T. hyodysenteriae antigens. 
The present investigation was undertaken to: 1) examine convalescent 
pigs for resistance to challenge with pure culture T. hyodysenteriae; 2) 
attempt to induce immunity in pigs to SD by oral or parenteral vaccination 
with T. hyodysenteriae; 3) develop a suitable serological test that would 
have sufficient sensitivity for detecting antibody to T. hyodysenteriae in 
individual pigs; and 4) develop an inexpensive laboratory animal model for 
the study of SD. 
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LITERATURE REVIEW 
This literature review covers the research that has been associated 
with Treponema hyodysenteriae and factors related to the immunological 
aspects of bacterial enteric diseases. Excellent reviews by Alexander and 
Taylor (1969); Harris (1974); Harris and Glock (1975); which cover the 
history and diagnosis of swine dysentery (SD), have been presented. 
Spirochete - The Etiological Agent 
Swine dysentery was first described by Whiting et al. in 1921. How­
ever, the etiology was not determined until Taylor and Alexander in 1971 
and Harris et al. in 1972 (a) fulfilled Koch's postulates by demonstrating 
that a spirochete was truly an etiological component of SD. Spirochetes 
had been reported to be associated with SD by other researchers who 
utilized microscopy (Gray, 1939; Doyle, 1944; Carpenter and Larson, 1952; 
Roberts, 1956; Warner, 1965; Eriksen and Andersen, 1970; Espinasse and 
Redon, 1970; Roberts and Simmons, 1970; Taylor, 1970; Blakemore and 
Taylor, 1970; Harris and Glock, 1971; Taylor and Blakemore, 1971; Hunter 
and Ross, 1972; Krizanova et al., 1972; Simmons, 1972) or fluorescent 
antibody techniques (Terpstra et al., 1968; Akkermans and Pomper, 1973; 
Lee and Olson, 1973; DeGeeter and Harris, 1975; Saunders and Hunter, 1974) 
in the examination of fecal or mucosal specimens. Fifty-one years after 
the first description of SD had been reported, the primary etiological 
agent of the disease was characterized and named Treponema hyodysenteriae 
(Harris et al., 1972a). 
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Cultural and Morphological Characteristics 
of Treponema hyodysenteriae 
Treponema hyodysenteriae was placed in the genus Treponema because of 
its anaerobic and morphological characteristics and intestinal tract in­
habitation (Smibert, 1974). The dimensions of the spirochete averaged 
8.5 microns in length and 0.317 microns in diameter (Kinyon, 1974). Re­
searchers reported that the bacterium had a serpentine motility with 2-3 
turns and 8-9 axial fibrils (Harris and Glock, 1972; Harris et al., 
1972b; Kinyon, 1974) embedded in its envelope. 
Initial studies on culture of T. hyodysenteriae ""n a liquid medium 
utilized a blood agar slant with a broth overlay (Harris et al., 1972a). 
Due to inconsistency of growth when serially passaged in this media, the 
authors concluded that the system provided only maintenance of the organ­
ism. Other preparations in which T. hyodysenteriae failed to grow were 
peptone yeast (PY) (Holdeman and Moore, 1973), peptone yeast glucose (PYG) 
(Holdeman and Moore, 1973), thioglycollate (Kinyon, 1974) or tryptose 
broth prepared aerobically or anaerobically (Harris et al., 1972a), 
supplemented with bovine blood or plasma, rabbit serum, TEM-4T or prepara­
tions of filtered colonic mucosa (Kinyon, 1974). Recently, substantial 
growth of the spirochete was produced in a trypticase soy broth medium 
prepared by either aerobic or prereduced anaerobically sterilized (PRAS) 
methods, supplemented with 10% fetal calf serum (PCS) and incubated at 
37C in an atmosphere of either deoxygenated 50:50 HgzCOz or deoxygenated 
CO2 (Kinyon and Harris, 1974). 
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Treponema hyodysenteriae produces a zone of B-hemolysis in blood 
agar. The organism is negative in the production of cytochrome oxidase 
and catalase. The growth of the organism was reported by workers to be 
stimulated by the presence of hydrogen (Harris, 1974; Kinyon, 1974). 
Kinyon (1974) demonstrated that the spirochete produces small quantities 
of acetic and n-butyric acid in the fermentation of carbohydrates. 
Isolation of Treponema hyodysenteriae 
Initial methods for the isolation of the spirochete from fecal 
specimens or colonic mucosa consisted of dilutions (Kinyon, 1974) and 
filtrations (Harris et al., 1972b; Taylor, 1972). These methods were used 
with various agar media for the separation and propagation of T. hyo­
dysenteriae (Taylor and Alexander, 1971; Harris et al., 1972b; Kinyon, 
1974). Recently, isolation of T. hyodysenteriae from fecal or colonic 
specimens has been facilitated by adding spectinomycin sulfate (400 
mcg/ml) to initial culture plates composed of trypticase soy agar with 
bovine blood (TSA-S4G0) and by incubation of the culture plate at 42C 
(Songer et al., 1976). Spectinomycin, by reducing the growth of the 
normal flora, prevented the inhibitory activity of bacteria on T. hyo­
dysenteriae (Songer et al., 1976). 
Isolates of T. hyodysenteriae cultured on agar media produced SD when 
introduced orally into susceptible pigs (Taylor and Alexander, 1971; 
Harris et al., 1972a; Akkermans and Pomper, 1973; Olujic et al., 1973; 
Kinyon, 1974). However, attempted production of SD in germ-free pigs by 
oral inoculation with pure culture isolates of T. hyodysenteriae or with a 
combination culture of Vibrio coli and T. hyodysenteriae has been 
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unsuccessful (Harris et al., 1972d; Brandenburg, 1974). Recently, Meyer 
et al. (1975) produced lesions in gnotobiotic pigs possessing a flora of 
Bacteroides (2 spp.) and fusiform shaped bacteria (2 spp.) following oral 
inoculation of the pigs with T. hyodysenteriae. In contrast to Meyer's 
work, Alexander et al. (1976) failed to produce SD in gnotobiotic pigs 
possessing a flora of 4 dominant bacteria and/or Fusobacterium sericola 
and Spirillum sulphurinigrans following oral dosing of the pigs with T. 
hyodysenteriae. 
Pathogenic isolates of T. hyodysenteriae were initially obtained by 
culturing swine fecal material and/or mucosal material (Harris et al., 
1972b; Taylor, 1972; Kinyon, 1974). Recently, T. hyodysenteriae isolates 
have been cultured from dog feces and swine waste material. Isolates from 
both sources when inoculated into pigs orally produced typical clinical 
signs and gross lesions of SD (Songer, Iowa State University, personal 
communication). 
Spirochetes with a morphology similar to pathogenic T. hyodysenteriae 
have been isolated from normal pigs (Taylor, 1972; Kinyon, 1974) and from 
puppies affected with an enteritis condition (Kinyon, 1974). These iso­
lates have the same cultural characteristics as the pathogens except for a 
more limited hemolytic activity on blood agar and more extensive surface 
growth on plates. These isolates, however, are nonpathogenic when inocu­
lated orally into susceptible secondary specific pathogen-free (SPF) pigs 
(Kinyon, 1974). 
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Therapy 
Many chemotherapeutic compounds are currently on the market for the 
prevention and treatment of SD. The efficacy of these compounds has 
correlated closely with the disappearance of T. hyodysenteriae from the 
feces (Espinasse and Redon, 1970; Griffin, 1972; Harris et al., 1972c; 
Miller et al., 1972; DeGeeter and Harris, 1975; Olson and Rodabaugh, 1973, 
1974, 1976a,b; Hamdy, 1974; Sutherland et al., 1974; Taylor, 1974; 
DeGeeter and Geng, 1976). 
Compounds which have been found to be efficacicjs and cleared for use 
in swine by the U.S. Food and Drug Administration are of the following: 
organic arsenical s (Boley et al., 1951; Smith et al., 1967; Olson and 
Rodabaugh, 1973), bacitracin (Boley et al., 1951), tylosin (Doornenbal, 
1965; Alexander and Taylor, 1969), sulfonamides (Boley et al., 1951), 
Carbadox (Davis et al., 1968; Kornegay et al., 1968; Wilson and Roe, 
1971), lincomycin (Hamdy, 1974; DeGeeter and Geng, 1976; Kunesh, 1969; 
Olson and Rodabaugh, 1976a,b), and Virginiamycin (Miller et al., 1972). 
Other compounds which have been found to be efficacious but not 
cleared for use in the U.S. for treatment of SD include ronidazole (Olson 
and Rodabaugh, 1974, 1976a; Sutherland et al., 1974; Taylor, 1974; Leaning 
et al., 1976), dimetridazole (Cottereau, 1971; Bech and Hyldgard-Jensen, 
1972; Griffin, 1972; Fox, 1974; Olson and Rodabaugh, 1976a), ipronidazole 
(Messersmith et al., 1973; Brandt, 1976; Olson and Rodabaugh, 1976a), 
gentamicin (Harris et al., 1972c), pristinamycin (Anderson, 1976), 
mithiamide (Layton, 1976), and thiamultilin hydrogen fumurate (Baughn 
et al., 1976). 
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Resistance to Swine Dysentery 
Natural resistance to SD has been reported in experimental pigs 
inoculated orally with pure cultures of pathogenic T. hyodysenteriae or 
with infective colonic material (Alexander and Taylor, 1969; Griffin, 
1972; Taylor, 1972; Olson, 1974). In the field, susceptibility of pigs to 
the bacterium is considered to be dose related (Alexander and Taylor, 
1969) with age having little effect on resistance (Olson, 1974; Alexander 
and Taylor, 1969). 
Acquired resistance to SD was first demonstrated by Olson (1974). He 
found that convalescent pigs were more resistant to challenge after each 
subsequent infection, and after 4 exposures to SD at 6-week intervals, 
these pigs were completely immune. 
Hudson et al. (1974) vaccinated 8 pigs orally for 3 successive days 
with T. hyodysenteriae isolate A-1 after 80 in vitro passages. Although 
the isolate appeared to multiply in the alimentary tract, no signs of SD 
appeared during a 30 day observation period. No differences in resistance 
were noted between the principals and controls upon challenge with a 
pathogenic A-1 isolate. 
Acquired resistance to SD following parenteral vaccination of pigs 
with a formalin-killed suspension of pathogenic T. hyodysenteriae was re­
ported by Glock et al. (1976). They injected pigs with an initial intra­
venous (I.V.) dose of 0.5 ml of antigen followed by a 0.5 ml antigen dose 
increase at 6 day intervals to a final volume of 3.0 ml per pig for a 
total of 6 injections. Dysentery was observed in only one vaccinated pig 
with a mean score of 0.3 days of dysentery compared to the control mean 
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score of 14.5 days of dysentery. Three of 8 control pigs died within the 
30 day experimental period. No deaths were recorded in the immunized 
group. 
Passive resistance to SD has been reported by two groups of re­
searchers. Genho et al. (1971) stated that "some immunity" to SD was 
demonstrated in pigs injected intramuscularly (IM) with precipitated 
globulins harvested from convalescent swine. Passive resistance was also 
reported by Schwartz and Glock (1976) in swine which received serum from 
convalescent, hyperimmunized pigs. Swine that received homologous anti-
sera prior to challenge demonstrated a mean resistance to SD of 14.6 days 
following challenge with T. hyodysenteriae. Pigs that received either 
heterologous antisera or normal sera (controls) prior to challenge demon­
strated a mean resistance to SD of 5.5 and 3.4 days, respectively, fol­
lowing challenge with T. hyodysenteriae. The authors reported that the 
resistance data obtained from both swine treatment groups were signifi­
cantly different at the ps.OS level when compared to the resistance data 
acquired from the controls. 
Animal Models for Bacterial Enteric Diseases 
One of the major obstacles in the study of pathogenic and immunologi­
cal mechanisms of a bacterial enteric disease has been the lack of suita­
ble animal models. This problem has been dealt with in cholera and 
Shigella infections by various researchers using different animal 
models. 
10 
Koch (1885) and Nikatiand Rietsch (1885) produced a fatal disease in 
rabbits by injecting live Vibrio cholerae directly into the duodenum. 
Koch later pointed out that the amount of trauma inflicted by the opera­
tion affected the mortality rate of the animals infected with this organ­
ism. Metchnikoff (1894) was able to infect suckling rabbits with the 
cholera organism. These results were considered by the author to be 
irregular and unpredictable. Sanarelli (1921) in working with the suck­
ling rabbit reported results similar to those of the previous workers. 
Consistent results were shown by Dutta and Habbu (1955) in producing a 
cholera syndrome in infant rabbits using intraintestinal inoculation with 
a virulent strain of V. cholerae. The results obtained with this model 
system were similar to those observed with human cholera. De and 
Chatterje (1953), in order to study the effects of cholera on the in­
testinal mucosa of rabbits, devised a system consisting of ligated small 
intestinal loops constructed in such a way to allow for direct inoculation 
of virulent V. cholerae. Positive loops, when compared to normal control 
loops, were swollen and distended with gas 24-48 hours post inoculation. 
Histological changes in the intestinal mucosa were similar to those ob­
served in patients with cholera. 
Koch (1885) was the first researcher to report a successful infection 
in guinea pigs (GP) with the V. cholerae organism. He orally inoculated 
GP with V. cholerae following alkalinization with 5% sodium carbonate and 
produced cholera in these animals provided that intestinal motility was 
reduced by the administration of tincture of opium. Koch stated that 
clinical signs of diarrhea were not observed in the GP. However, at 
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autopsy, the contents of the small intestine resembled the watery stool of 
human cholera. Burrows et al. (1947) were able to confirm the production 
of an enteric infection in GP by intragastric inoculation of V. cholerae 
following alkalinization and administration of tincture of opium; however, 
their results demonstrated some inconsistency. Irritants have also been 
used in the production of cholera in the GP model system. Cantacuzene and 
Marie in 1914 reported successful infection of GP with the cholera organ­
ism after irritating the animal intestine with podophyllin, given orally or 
intraperitoneally. Masta (1914, cited by Burrows et al., 1947) was able 
to produce enteric cholera infections in GP by irritating the bowel with 
antiserums to intestinal mucosa. 
Freter (1955, 1956b) demonstrated the importance of bacterial 
antagonism in the development of a laboratory animal model. He was able 
to induce an enteric infection in GP with antibiotic resistant V. 
cholerae. The author starved the GP for 4 days prior to intragastric 
inoculation of 250 mg of CaCOa suspended in 10 ml of water. Three hours 
after the CaCOs inoculation, GP were given intragastrically 15 ml of a 16 
hour broth culture of V. cholerae containing 250 mg of NaHCOs and 5 mg 
of streptomycin sulfate and/or erythromycin and nystatin. One-half hour 
after challenge, 8 mg of morphine sulfate was given intraperitoneally 
per GP to reduce intestinal motility. The GP showed signs of a choleric 
infection in 12-48 hours, depending on the dosage of organisms. Freter 
stated that the cholera produced in these GP was strictly limited to the 
lumen of the bowel. 
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Sack et al. in 1966 described a canine model for experimental 
cholera. Adult dogs (8-20 kg) of both sexes were fasted for 2-5 days 
before challenged intragastrically with 50 ml of 6% NaHCOs followed imme­
diately with 100 ml of V. cholera broth culture (10* organisms per ml). A 
cholera syndrome developed in 35% of the dogs challenged with the organ­
ism. The authors stated that the disease in these infected dogs resembled 
human cholera in all respects. 
Recently, a chinchilla model was described for experimental cholera 
(Blachman et al., 1974). Both male and female chinchillas weighing 350-
650 g were inoculated intraintestinally with a 1.0 ml culture of V. 
cholerae. Animals inoculated with 10® organisms responded more uniformly 
to challenge than chinchillas inoculated with 10® vibrios, with an acute 
infection phase lasting for 3 days. The authors were able to show that 
infection was completely localized in the lumen of the gut with the 
maintenance of mucosal integrity, increased secretion of mucin, hypertro­
phy of epithelial cells, mild cellularization of lamina propria, and con­
gestion of blood vessels. These findings were similar to those seen in 
human patients with cholera. 
Animal models for shigellosis have also been examined to aid in 
studying the pathogenicity and immunological aspects of this enteric 
disease. Freter (1956b), studying bacterial antagonism, developed an 
animal model system for Shigella flexneri infections in the mouse and GP. 
These systems were successful due to the reduction of bacterial flora with 
streptomycin sulfate, erythromycin and nystatin in combination with a 48 
hour starvation period. Resistant strains of S. flexneri were recovered 
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from the feces of orally infected animals receiving the above treatments. 
Resistant strains of S. flexneri were not recovered from the feces of 
orally infected control animals. 
Formal et al. (1958, 1965) employed methods similar to Freter 
(1956b) and elicited shigella infections in Hartley strain GP. These 
methods were different than Freter's methods in two ways: 1) GP were 
starved for 4 days instead of 2 days, and 2) GP were not treated with 
antibiotics. These treatments resulted in the production of a short-term 
fatal infection and/or ulcerative lesions in the colon of GP with the 
clearing of the organism from the animal in 96 hours post infection. 
Clinical signs of Hartley strain GP infected with S. flexneri were similar 
to those of patients infected with shigellosis. The authors also men­
tioned that sublethal injections of GP with carbon tetrachloride at 24-48 
hours preinoculation produced the same pattern of fatalities and patho­
logical changes in the intestinal tract as those seen in animals which had 
been starved and infect. 
Recently, Takeuchi et al. (1968) showed that naturally occurring 
shigellosis in monkeys resembles the disease in man and could be produced 
experimentally by oral administration of Shigella spp. The authors estab­
lished an acute colitis in rhesus monkeys within 48 hours after oral ad­
ministration of virulent S. flexneri. Takeuchi pointed out that the 
shigella organism was present predominantly in the luminal portions of the 
colon. These findings suggested that dysentery bacilli invade the colonic 
mucosa from the intestinal lumen and that the organisms have a preference 
for the cytoplasm of colonic epithelial cells. 
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Researchers have been unable to produce a swine dysentery-like dis­
ease in mice and GP by oral inoculation (Glock, Iowa State University, 
personal communication) or parenteral administration (Hughes et al., 
1975) of T. hyodysenteriae. 
Serology of Treponemes 
Serological tests have been beneficial to researchers in the detec­
tion and diagnosis of disease processes caused by pathogenic treponemes. 
The agents which have received the greatest attention in serological 
testing of treponemes are Treponema pallidum and T^ hyodysenteriae. 
The first efforts to develop an agglutination test involving T. 
pallidum antigens and antisera failed due to spontaneous agglutination of 
the pathogenic treponemes (Kolmer et al., 1942). Research efforts were 
then concentrated on agglutination reactions involving nonpathogenic 
treponemes in order to overcome the spontaneous agglutination problem 
(Kolmer, 1913; Zinsser and Hopkins, 1915; Zinsser et al., 1916; Kolmer 
et al., 1916; Caldwell, 1930). They found, however, that agglutination of 
pathogenic T. pallidum by antisera was weak and no different than the 
agglutination reaction which occurred with these treponemes in negative 
antisera. 
Tani (1940) reinvestigated the use of pathogenic T. pallidum in the 
agglutination reaction. He found that after treatment with sodium hypo­
chlorite, suspensions of treponemes did not undergo spontaneous clumping 
and were still agglutinable by sera from animals and humans infected with 
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T. pallidum. However, he also noted that the treponemes were agglutinated 
in low titer by approximately 25% of the unexposed human sera tested. 
McLeod and Magnuson (1953) reported the successful preparation of 
stable suspensions of T. pallidum by heat killing the organisms obtained 
from early rabbit testicular lesions. They found that such suspensions 
gave specific agglutination reactions with T. pallidum-antisera when fresh 
bovine serum was present in the test mixture. 
Hardy and Nell (1955) developed an agglutination technique which in­
volved adsorbing out nonspecific agglutinins from sera with cardiolipin 
lecithin-cholesterol antigen (VDRL antigen). This enabled the authors to 
show a specific reaction between treponeme agglutinins and treponeme 
antigens. The authors noted that the addition of Ca^ or Mg^ ions in 
concentrations up to four times those normally present in serum did not 
affect the specific treponeme agglutinin. However, the binding of these 
cations with ethylene-diamine tetracetate (EDTA) enhanced the agglutina­
tion of treponemes markedly. They found that the maximum agglutination 
reaction occurred at a pH of 8 in a diluent of physiological saline. 
An indirect fluorescent antibody test (IFAT) for the detection of T. 
pallidum antibody in patients sera was developed by Deacon et al. (1957). 
Their test consisted -of two methods, one involving stationary testing and 
the other involving rotational testing of the patient's sera. Fixed 
smears of T. pallidum antigens were reacted against human sera or rabbit 
antisera and revealed a fluorescence if positive, following the addition 
of conjugated goat antihuman and goat antirabbit sera to the smear. The 
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smear. The authors stated that the test was not time consuming, was inex­
pensive to run, and slides could be kept at 4C for months. 
Serological tests employed in swine dysentery research have used 
hyperimmune or convalescent sera either directly or indirectly as an aid 
in the diagnosis of the disease. European workers (Terpstra et al., 1968; 
Akkermans and Pomper, 1973) developed an IFAT which was used in the diag­
nosis of SD. Their preparation consisted of convalescent swine sera 
(sera from pigs recovering from SD) adsorbed with V. coli and reacted 
against antigen present in fecal or colonic smears. This preparation was 
then subjected to conjugated rabbit antiswine sera and examined for 
fluorescence. The authors' work suggested that spirochetes were absent 
from fecal samples of healthy pigs but present in the feces of pigs with 
clinical signs of SD. They stated that the IFAT was a useful test in the 
diagnosis of SD when examining feces of abnormal consistency from un­
treated swine. Saunders and Hunter (1974) confirmed the IFAT as a benefi­
cial test in SD diagnosis, by using anti-T. hyodysenteriae hyperimmunized 
rabbit sera in an indirect fluorescent-antibody staining technique (FAST). 
They stated that the test may have an application in the surveillance of 
pig herds for the presence of SD. 
Lee and Olson (1973) applied the IFAT in the detection of spirochete 
antibody in swine sera. They reacted serially diluted swine sera to 
spirochete antigens contained in colonic impression smears from pigs with 
acute SD and examined these sera for immuno-fluorescence following the 
addition of conjugated rabbit antiswine sera. Results indicated an exist­
ing relationship between the severity and duration of diarrhea and the 
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development of a serum titer. The authors also examined the feasibility 
of a direct FAT for use in the detection of T. hyodysenteriae antigens in 
fecal or colonic material. They stated that the direct test had the ad­
vantage of reducing nonspecific fluorescence, but the disadvantage of re­
ducing sensitivity. 
Glock and Schwartz (Iowa State University, personal communication) 
have investigated the use of an IFAT for the detection of T^ hyo­
dysenteriae antibody in swine and rabbit sera hyperimmunized against the 
spirochete. Their preparation dealt with pure culture T. hyodysenteriae 
reacted against serial dilutions of hyperimmune sera layered with con­
jugated rabbit antiswine or conjugated goat antirabbit sera. The authors' 
results indicated a serum antibody response to T. hyodysenteriae antigens, 
but the sensitivity and repeatability of the test were undesirable for 
field testing of sera. 
A serum agglutination test was developed by Hunter and Saunders 
(1973) for use in the diagnosis of SD. They examined 15 swine herds for 
serum antibody to T. hyodysenteriae. The test was performed in WHO 
agglutination trays in which doubling dilutions of antisera were used with 
0.2 ml of pathogenic T. hyodysenteriae antigen. The agglutination test 
was allowed to react for 24 hours at 37C at which time the endpoints were 
recorded. The samples were divided up into either high level (100% agglu­
tination) or low level (50% agglutination) responses. No differences were 
noted in the results of the low level samples from either a normal farm or 
a farm with a history of SD. The authors stated that according to their 
results the test might be useful on a herd basis. 
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Resistance to Bacterial Enteric Diseases 
Basically, protection of animals to bacterial enteric diseases has 
been produced through passive acquisition of specific antibody via the 
dams' colostral or milk whey or through active means accomplished by 
parenteral or oral vaccination. These above methods have had varied 
success in protecting animals against colibacillosis, cholera, shigel­
losis and salmonellosis. 
Kohler in 1967 showed that orally administered serum antibodies 
afforded greater protection against experimentally induced E. coli infec­
tions in pigs than similar antibodies administered parenterally. Miniats 
et al. (1970) studied the effect of orally administered specific and non­
specific sera in pigs following challenge with an enteropathogenic strain 
of E. coli. They stated that pigs which received the specific antisera 
were protected against colibacillosis, however, the number of E. coli in 
the intestinal tract were not diminished. The authors suggested that the 
protection afforded these pigs was due to the neutralization of the 
metabolite (enterotoxin) produced by the organisms. 
Passive resistance of piglets to colibacillosis via the colostral and 
milk whey was demonstrated by workers who vaccinated the respective dams 
during pregnancy with an enteropathogenic E. coli. Sows vaccinated intra­
muscularly (IM) were shown to have a greater immune response to the 
antigen if a live formalinized (.04%) E. coli preparation was used 
(Svendsen and Wilson, 1971; Wilson and Svendsen, 1971; Brandenburg and 
Wilson, 1973). Higher titers to E. coli antigens as detected by indirect 
hemagglutination were present in the serum of pigs vaccinated by the 
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intramammary (IMM) route when compared to titers in pigs produced IM. 
They postulated that IMM vaccination insured greater absorption of anti­
gens with a more widespread distribution and consequently greater contact 
with immunologically competent cells. Pesti and Semjen (1976) reported 
that piglets were protected against colibacillosis by receiving passive 
immunoglobulin from dams vaccinated with a complex vaccine consisting of 
an enterotoxin and the intact E. coli cell. Dobrescu and Zygraich (1976) 
demonstrated that passive immunity to piglets against enteropathogenic E. 
coli could be acquired from the dam by intramammary vaccination of the sow 
with the enterotoxin only. 
Sows orally vaccinated with live enteropathogenic strains of E. coli 
produced colostra! and milk whey which was protective in suckling pigs 
against colibacillosis (Wilson and Svendsen, 1971; Kohler, 1974; Kohler, 
1976). 
Wilson and Svendsen (1971) reported that although the serum gamma 
globulin acquired from the dam drops in titer after 7 days of birth, the 
piglet has a continuous bathing of the gut mucosal surface with passive 
gamma globulin from the immune dam that must be instrumental in protection 
against colibacillosis. Rutter and Anderson (1972) in working with 
passive immunity of suckling pigs to colibacillosis noted that the immune 
factor received from the dam did not appear to be associated with a high 
level of bacterial agglutinins or colostral bactericidal activity, but 
rather the antibacterial factor prevented the E. coli strain from be­
coming established in the intestinal tract of the piglets. 
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Porter (1969) assayed sow colostrum for immunoglobulins IgG, IgM and 
IgA. He found that 63.6% of the whey protein was accounted for by the 
three immunoglobulin classes in the following percentage: 1) IgG (79.7%), 
2) IgA (14.0%), and IgM (6.2%). The author stated that IgG and IgM were 
found in the colostrum at levels approximately 2-3 times that of the level 
found in the serum. However, the level of IgA in colostrum was 3-11 times 
greater than that normally found in serum. He showed that precolostral 
piglet serum was almost entirely deficient of immunoglobulins and that all 
three classes of immunoglobulins IgG, IgM and IgA are absorbed directly 
from the dam's colostrum. 
Wernet et al. (1971) examined colostrum for antibody class specifici­
ty for E. coli. They isolated and purified three classes of immuno­
globulins which were tested for their ability to promote phagocytosis and 
intracellular killing by peritoneal cells of normal mice. The authors 
discovered that the IgA class of immunoglobulin had more activity against 
E. coli than the other two classes of immunoglobulin, IgG and IgM. 
Hill and Porter (1974) in their examination of sow colostrum and 
serum for specific antibody to smooth strains of E. coli demonstrated that 
the IgM class of immunoglobulin had more bactericidal activity in sow's 
serum than either IgG or IgA immunoglobulin. They also stated that in the 
absence of lysozyme, the IgM class of immunoglobulin had the greatest 
bactericidal activity of any other immunoglobulin class. They also showed 
that lis IgA in colostral whey was bactericidal in the presence of comple­
ment and lysozyme. 
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Kohler and Bohl (1966) examined the humoral immune response elicited 
by gnotobiotic pigs orally inoculated with a live enteropathogenic strain 
of E. coli. Their studies revealed that serum antibody to the E. coli 
antigens as detected by an indirect hemagglutination test was present in 
pigs within 8 days following oral infection. However, this antibody titer 
remained low in pigs until these animals were subjected to parenteral 
inoculation with live E. coli. 
Porter et al. (1970) using Thiry Vella loops discovered that E. coli 
antibody obtained from intestinal secretions as detected by direct hemag­
glutination was associated with the IgA fraction. However, they also 
isolated and purified small quantities of IgG and IgM immunoglobulin from 
the intestinal secretions. The authors stated that the intestinal anti­
body capacity may well contribute to the defense of the young pig espe­
cially when the level of serum antibody is lowered. Further investigation 
by Porter and Allen (1972) into secretory antibody responses to E. coli 
antigens provided the authors with interesting information. They dis­
covered that antibody levels of intestinal secretions in pigs were raised 
for approximately 2-3 weeks after a single antigenic challenge. Pigs 
challenged for a second time showed no indication of an anamnestic anti­
body response in their intestinal secretions. The secretory antibody 
level remained at the level of the initial antibody response. The secre­
tory antibody response detected by the authors was associated mainly with 
the production of secretory IgA. The authors stated that continuous 
bathing of the pigs' intestinal mucosa with heat-killed E. coli 08 re­
sulted in an immunocyte response in the lamina propria numerically 
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comparable with that produced with a live infection. The cellular re­
sponse in the lamina propria as a result of antigenic stimulation was 
dominated early by cells of the IgM class followed 3 weeks later by pre­
dominantly IgA cells. Oral vaccination of pigs with small doses of killed 
enteropathogenic E. coli was shown by Porter et al. (1974) and Porter 
(1976) to benefit the animals in weight gain and survival. Parenteral 
immunization of pigs with killed enteropathogenic E. coli failed to 
benefit the animals in weight gain and survival. 
Jones and Rutter (1972) demonstrated that K88 antigen (pili) was 
needed for mucosal attachment of certain enteropathogenic strains of E. 
coli. The authors prevented attachment of the organism to the mucosal 
surface by the addition of specific K88 antisera. Their results indicated 
that K88 negative strains did not attach to the mucosal surface and lacked 
the virulence of the K88 positive strains. They concluded that attachment 
was necessary in conventional pigs in order for the organism to exert its 
pathogenic effect. 
Recently, the phenomenon of bacterial competition to prevent the 
colonization and expression of pathogenicity by enteropathogenic E. coli 
has been stressed. Davidson and Hirsh (1975) inoculated mice orally with 
a nonenteropathogenic E. coli (K88+, ENT-) prior to challenge with an 
enteropathogenic strain (K88+, ENT+) and observed that the amount of fluid 
accumulation following inoculation was significantly reduced in the in­
testinal tract of the preinoculated mice. 
Passive protection was demonstrated in young rabbits (Panse and 
Dutta, 1964) and in baby mice (Chaicumpa and Rowley, 1972) to cholera 
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following the administration of colostrum from dams vaccinated orally with 
live V. cholerae. In contrast, dams vaccinated with either heat-killed 
or formalin-killed cells did not afford protection to their offspring via 
their colostrum, against oral challenge with pathogenic V. cholerae 
(Panse and Dutta, 1964). Freter (1956a) demonstrated that passive oral 
immunization of GP with somatic (0) antiserum protected the animal against 
fatal enteric cholera. In contrast, passive immunization of GP by the 
intraperitoneal (IP) route was not protective even though high titers of 
circulating antibody were obtained shortly after injection. 
Actor and Pitkin (1973) examined the effect of a V. cholerae chal­
lenge in mice recipient of serum, peritoneal cells and spleen cells from 
mice which had recovered from cholera. They demonstrated that mice re­
cipient of immune serum and peritoneal cells were protected against fatal 
cholera following a challenge with V. cholerae. However, protection of 
recipient mice with immune spleen cells to challenge was not evident 
until 14 days post transfer. The authors postulated that both a cell-
adherent and a nonadhering immune factor appeared to be important in this 
protective phenomenon. 
Burrows and his co-workers (Burrows et al., 1947; Burrows and Havens, 
1948) were the first to report that the protection afforded GP after 
parenteral immunization with V. cholerae was due to intestinal immuno­
globulin. The active fraction of these immunoglobulins was named copro-
antibody. The authors demonstrated that coproantibody titers produced in 
response to oral challenge with V. cholerae appeared early in the infec­
tion and peaked prior to that of serum antibody. They could detect this 
24 
specific coproantibody for up to 3 to 4 weeks following infection of GP 
wi th cholerae. 
Other workers have been unable to detect coproantibody in intestinal 
fluid as a result of vaccination or oral infection of animals with V. 
cholerae (Gonzalez et al., 1950; Melnick and Kaplan, 1953; Mitchison, 
1953; Thind, 1961). 
Freter (1962) discovered that 8 of 17 human volunteers actively 
immunized by the SQ route with a conventional cholera vaccine had copro­
antibody in their stools up to one week after the last injection. The 
peaks of serum and coproantibody titers coincided, but the coproantibody 
titer disappeared faster than the serum titer. Freter (1964) demonstrated 
that coproantibody elicited in GP, rabbit intestinal loops and suckling 
rabbits after vaccination with live V. cholerae protected these models 
from acquiring cholera. He also noted that live oral vaccination of adult 
rabbits with V. cholerae provided greater protection against the acquisi­
tion of cholera than did parenteral vaccination of rabbits with heat-
killed cells. 
Blachman et al. (1974) studied the immune response of chinchillas to 
intraintestinal instillation of V. cholerae and cholera toxin. They 
demonstrated that both antibacterial and antitoxin titers in the in­
testinal fluids increased (fourfold) by the second day of infection and 
reached their peak titer on day 5 post inoculation. In contrast, a 
significant rise in serum antibodies occurred between days 3 and 5, and 
these titers peaked at approximately 30 days post inoculation. Recovery 
of the chinchillas was shown to coincide with the rise in intestinal 
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antibody. Their results indicated that both antibacterial and antitoxic 
mechanisms were operative in chinchilla immunity to experimental cholera. 
Holmgren et al. (1975) studied the effects of cholera enterotoxin in 
rabbits by using the small-bowel loop technique. They immunized rabbits 
parenterally and orally with V. cholerae enterotoxin and discovered that 
significant protection was provided by the parenteral vaccine but to a 
lesser extent with the oral vaccine to challenge with V. cholerae. The 
authors noted that, although significant antitoxic titers and immuno­
globulin levels were increased in intestinal washings following oral 
vaccination, protection was not significant in rabbits to challenge with 
V. cholerae. 
Workers in cholera research have utilized essentially two methods for 
detecting specific antibody to V. cholerae antigens. Freter and Gangarosa 
(1963) used the Farr test to detect intestinal antibody in human volun­
teers after daily oral vaccination with V. cholerae. They discovered that 
coproantibody could be maintained at constant levels for 12 weeks by a 
single weekly oral dose of vaccine. They stated that the coproantibody 
appeared to be synthesized locally rather than being derived from the 
serum. Bhattacharya and Mukerjee (1968) examined orally vaccinated 
rabbits for specific antibody to V. cholerae antigens using a vibriocidal 
test and an agglutination test. Results indicated that the vibriocidal 
test had greater sensitivity than the agglutination test. Coproantibody, 
as detected by the vibriocidal test, was present at 6 days following 
vaccination of the rabbits and peaked at days 9 through 18. Fubara and 
Freter (1972) examined the antibody response to V. cholerae antigens in 
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conventional, conventionalized and germ-free mice. The authors demon­
strated that parenteral or oral vaccination of germ-free and conventional 
mice with heat-killed cells produced an appreciable titer of serum anti­
body detectable by both the bactericidal and Farr tests. They also 
demonstrated that the active fraction of coproantibody against cholerae 
antigens was in the IgA fraction. Further investigation demonstrated that 
serum IgG and IgM immunoglobulins were highly unstable in the intestine of 
germ-free mice and stable in the intestine of conventional mice. Secre­
tory IgA was very stable in both systems. 
Cooper and Keller (1948a) used the mouse protection test to evaluate 
the antibody content of sera from animals and human volunteers vaccinated 
with Shigella spp. They demonstrated that sera from vaccinated individ­
uals protected mice to a higher degree against challenge than did sera 
from unvaccinated individuals. The authors noted that immune sera in­
jected intraabdominally into mice exerted its maximum effectiveness 
quickly while immune sera introduced SQ did not become effective until 
21.5 hours later. 
Cooper and Keller (1948b) used the passive mouse-protective test to 
examine sera from children recently convalescent from dysentery. Their 
results indicated a varying degree of protection in mice receiving the 
convalescent sera prior to challenge. Sera with the greatest protective 
activity were usually obtained from the older children which were positive 
for Shigella agglutinins. 
Mice were vaccinated intraabdominally with various numbers of 
Shigella spp. and examined by Cooper and Keller (1948c) for immunity to an 
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intraabdominal challenge with Shigella spp. The authors demonstrated a 
higher degree of immunity in homologous challenged vaccinated mice than in 
heterologous challenged vaccinated mice. They also reported that active 
immunization of mice with a Seitz filtrate of broth culture and a Seitz 
filtrate of a saline suspension of an agar culture of Shigella flexneri 
III stimulated a surprising degree of homologous immunity. 
Researchers took a different approach in investigating immunity to 
Shigella infections when Freter (1956a) and Hentges and Freter (1962) 
demonstrated resistance in GP and mice to shigellosis due to an antagonis­
tic effect of a streptomycin-resistant strain of E. coli on the pathogen. 
They showed that mice infected with Shigella spp. eliminated the pathogen 
shortly after inoculation with E. coli. Elimination of the Shigella 
organism could also be accomplished in vitro by the antagonistic effect of 
E. coli on the growth of the pathogen in continuous flow broth cultures. 
Gonzalez et al. (1950) orally inoculated monkeys with Shigella para-
dysenteriae cultures and examined the serum antibody response to infec­
tion. They demonstrated that monkeys vaccinated orally with live or 
killed cultures had no quantitative differences in their serum agglutinins 
with a low significant titer produced against Shigella antigens. 
Formal et al. (1966) demonstrated that monkeys vaccinated with a 
living E. coli-Shigella flexneri 2a hybrid strain were protected from 
lesions normally seen in shigellosis. They stated that the pathogenic 
strain appeared to be unable to penetrate into the intestinal mucosa of 
immunized animals. 
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Gordon et al. (1950) examined coproantibody excretion and its rela­
tionship to immunity against shigellosis in human subjects vaccinated with 
S. flexneri. They demonstrated by fecal agglutination tests coproantibody 
titers at 1 to 2 days post inoculation, whereas serum antibody was present 
at 20 to 21 days post inoculation in patients receiving the parenteral 
vaccine. However, the authors noted that oral vaccination, as detected by 
the agglutination test, failed to increase serum or coproantibody titers 
significantly. Mouse protection tests performed by the authors demon­
strated no protection in mice receiving a concentrated pool of fecal 
extracts prior to challenge with S. flexneri III. 
Recently, DuPont et al. (1972) noted some promise in vaccinating 
individuals with an attenuated S. flexneri 2a strain, a Shiqella-E. coli 
hybrid, and a streptomycin-dependent mutant against dysentery. They 
demonstrated that vaccinated individuals had a decrease in clinical signs 
of dysentery and fecal excretion of virulent organisms after their chal­
lenge with S. flexneri 2a. The authors stated that the level of immunity 
detected in the vaccinated individuals resembled that seen after recovery 
from active bacillary dysentery. 
Goodlow et al. (1949) examined the immune response of 20 human volun­
teers vaccinated (SQ) with a killed suspension of Salmonella typhi, S. 
paratyphi A & B. The authors using a tube agglutination test detected a 
maximum peak in serum titers 14 days post initial vaccination. In con­
trast to the results obtained with cholera research, the authors failed to 
detect any rise in fecal agglutinin titer prior to the appearance of serum 
agglutinins. 
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Gaines et al. (1960) demonstrated that chimpanzees that had recovered 
from typhoid fever were resistant to rechallenge with S. typhosa for up to 
1 1/2 years. However, infection with smaller numbers of S. typhosa in 
susceptible chimpanzees failed to induce a significant immune response to 
protect the animals from a challenge dose of S. typhosa. The authors 
postulated that differences in the magnitude of the original and subsequent 
infecting inocula appeared to influence the response of the chimpanzees to 
rechallenge. 
Cvjetonovic et al. (1970) examined the itimune response of chimpanzees 
vaccinated with a live oral streptomycin-dependent S. typhi strain. The 
animals which received streptomycin with the vaccine were protected to 
some degree against challenge, whereas the animals which received strepto­
mycin daily were completely protected. 
Collins (1970) demonstrated that specific pathogen-free mice vac­
cinated either orally or intravenously with sublethal doses of Salmonella 
enteritidis were resistant to oral challenge with a drug resistant homolo­
gous strain. The author stated that the vaccine prevented the establish­
ment of spleen and liver populations of the virulent strain. In contrast, 
mice immunized with an ethyl alcohol-killed bacteria given by various 
routes showed a delay of only 1 to 2 days prior to the spread of the 
pathogen to the spleen and liver. However, all the mice receiving the 
bacteria survived the challenge infection. 
Collins and Carter (1972) monitored the growth of S. enteritidis in 
liver, spleen, mesenteric lymph nodes, lungs, and intestine of CD-I mice 
vaccinated intragastrically or parenterally with 1 or 2 doses of heat-
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killed or living S. enteritidis. Mice receiving 2 doses of heat-killed 
vaccine by mouth were able to delay a systemic emergence of a gastric 
challenge infection for 1 or 2 days. The authors stated that the liver 
and spleen population of Salmonella in the mice orally vaccinated with the 
heat-killed preparation remained lower than the control population during 
the experiment. However, mice that received the living, attenuated vac­
cine developed an effective anti-salmonella inmunity against subsequent 
reinfection. Recently, Collins (1973) compared the immunogenicity of 
living and heat-killed Salmonella pullorum and S. enteritidis vaccines in 
specific pathogen-free CD-I and C57B1 mice. The author demonstrated that 
the live S. enteritidis vaccine was able to produce an effective anti­
bacterial resistance to an intragastric challenge of S. enteritidis, 
whereas the S. pullorum live vaccine failed in this respect. However, if 
Freund's complete adjuvant was used to suspend the organisms, both vaccine 
strains induced an antibacterial resistance to intragastric challenge. 
The author showed a lack of protection in mice vaccinated with both 
strains of organisms upon challenge with the live S. enteritidis. 
Temperature-sensitive mutant vaccines of S. enteritidis were de­
veloped by Fahey and Cooper (1970) to study the effect of avirulent 
organisms in inducing resistance in animals to salmonellosis. They were 
very successful in preliminary studies in showing that these avirulent 
vaccines were highly effective in inducing a degree of protection in mice 
against a severe oral challenge with pathogenic S. enteritidis. Further 
investigation by Cooper and Fahey (1970) into mutant vaccines of S. 
enteritidis demonstrated that Salmonella immunity in rats can only be 
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induced by living vaccines and that although viable organisms remain in 
the reticuloendothelial tissues, organisms given in a challenge infection 
are immediately subject to enhanced bactericidal activity within the in­
testinal tissues. The authors also stated that humoral antibody failed to 
offer any protective effect against Salmonella infection in the in­
testinal lymphoid tissues. 
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MATERIALS AND METHODS 
Source of Isolates Used in Experiments 
Pathogenic isolates 
Treponema hyodysenteriae isolates B204, B140, B169, 8234, A-1 and 
strain 878 (the type culture of T. hyodysenteriae) were obtained in pure 
culture from other researchers who had previously isolated the organisms 
12 3 from pigs affected with swine dysentery. * * Isolates 8282 and 8473 were 
reisolated from guinea pigs experimentally infected with T. hyodysenteriae 
isolates 8204 and 8234, respectively. 
Nonpathogenic isolates 
Isolates 8256 and 8297 were obtained in pure culture from other in­
vestigators who had previously isolated the organisms from pigs with signs 
1 4 
of postweaning diarrhea. ' Isolate 4/71 was obtained in pure culture 
from another investigator who had isolated the nonpathogen from a normal 
3 pig. Puppy isolate was obtained from a researcher who isolated the 
spirochete from a puppy with catarrhal enteritis.^ 
^Joann M. Kinyon, Veterinary Microbiology and Preventive Medicine, 
Iowa State University, recovered isolates 8204, 8140, 8169, 8234 and 8256. 
2 Dr. D. L. Harris, Veterinary Microbiology and Preventive Medicine, 
Iowa State University, isolated strain 878. 
3 Dr. D. J. Taylor, Cambridge University, England, recovered isolates 
A-1 and 4/71. 
4 J. Glenn Songer, Veterinary Microbiology and Preventive Medicine, 
Iowa State University, recovered isolate 8297. 
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Culture Media 
Solid 
Trypticase soy agar^ supplemented with 5% (v/v) citrated bovine 
blood (1 g citrate/100 ml blood) was used for isolation and cultivation 
of T. hyodysenteriae (Kinyon and Harris, 1974). Treponema hvodysenteriae 
was also isolated from rectal swabs or colonic contents of swine on 
trypticase soy agar supplemented with citrated bovine blood and spectino-
mycin sulfate^ (400 mcg/ml) (TSA-S400) (Songer et al., 1976). 
Tergitol-7 medium* was prepared according to the manufacturer's 
directions and dispensed into petri dishes. 
Brilliant green agar with sulfadiazine^ was prepared according to the 
manufacturer's directions and dispensed into petri dishes. 
Liquid 
4 Thioglycollate broth was prepared according to the manufacturer's 
directions, dispensed in 7 ml amounts in screw capped tubes and auto-
claved. 
Three types of liquid media were used to cultivate T. hyodysenteriae. 
(1) Pre-reduced anaerobically sterilized trypticase soy broth^ (PRAS-TSB) 
was prepared as described by Kinyon and Harris (1974). (2) Pre-reduced 
^BBL, Division of Bioquest, Cockeysville, Maryland. 
o 
Iowa State University, Veterinary Clinic Hospital, Cow #30. 
3 Upjohn Company, Kalamazoo, Michigan. 
*Difco Laboratories, Detroit, Michigan. 
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anaerobically sterilized trypticase soy broth without the 0.4 ml/100 ml 
(v/v) resazurin^ solution (11 mg/44 ml distilled HgO) and cysteine hydro­
chloride^ (0.05 g/100 ml medium) (PRAS-CF-TSB) was prepared as described 
by Kernstock (1976). (3) Trypticase soy broth (aerobic-TSB) was prepared 
aerobically as described by Kinyon and Harris (1974). 
Basal medium-Eagle's (BME) with Hank's salts, and L-glutamine was 
rehydrated according to the manufacturer's directions, adjusted to a pH of 
7.2 with 8 M NaOH and 5 M HCl and filter sterilized with a 0.45 um 
4 
cellulose acetate filter. 
5 Tetrathionate broth was prepared according to the manufacturer's 
directions and dispensed in 20 ml amounts in screw capped tubes. 
Medium supplements 
sterile fetal calf serum (PCS) was added to the TSB preparations at 
a final concentration of 10% (v/v) during the inoculation of the medium. 
Heparin® (5 units/ml) (v/v) was added to the BME medium prior to 
fi1ter steri1ization. 
Iodine solution (6 g of iodine crystals and 5 g of potassium 
iodine in 20 ml of water) was added to the tetrathionate broth at a 1% 
(v/v) concentration at the time of inoculation with sample material. 
^Matheson, Coleman and Bell, Norwood, Ohio. 
2 Sigma Chemical Company, St. Louis, Missouri. 
3 Grand Island Biological Company, Grand Island, New York. 
^Millipore Corporation, Bedford, Massachusetts. 
^Difco Laboratories, Detroit, Michigan. 
^Scientific Products, McGaw Park, Illinois. 
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Treponema hyodysenteriae Inocula 
Stock cultures of hyodysenteriae which had been passaged less than 
15 times were frozen at -80C. Inoculum from the freezer was thawed at 
37-39C and transferred directly as a 13% (v/v) concentration to 7 ml 
aerobic TSB or PRAS-CF-TSB supplemented with 10% PCS and incubated under 
an atmosphere of deoxygenated HzzCOz. Cultures were incubated in slanted 
racks at 37-39C and passaged at the time of either gas production or when 
sufficient growth was seen macroscopically. Inoculum used in subculturing 
of T. hyodysenteriae into TSB preparations of 180, 600 or 1000 ml volumes 
consisted of an 11% (v/v) concentration of a 24-48 hour culture, unless 
otherwise designated. The flask cultures were always incubated at 38-39C 
1 2 for 24-48 hours with constant agitation by a reciprocating shaker * (90 
rpm), unless stated differently in the experimentation. Inoculim was 
checked for the presence of contaminating microorganisms at the time of 
transfer by inoculating thioglycollate broth. Inoculum and culture were 
examined for the presence of T^ hyodysenteriae and contaminating micro-
organisms by the use of a phase contrast microscope (Leitz with Heine 
condenser) at a magnification of 630x. 
^New Brunswick Company, Inc., New Brunswick, New Jersey. 
^Scientific Products, McGaw Park, Illinois. 
3 Ernst Leitz, Wetzlar, West Germany. 
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Culturing for Salmonella spp. 
Isolation of Salmonella spp. from rectal swabs, small and large in­
testinal mucosa and lymph nodes was attempted on Tergitol-7 medium and in 
tetrathionate broth. Incubation of the inoculated media proceeded for 24 
hours at 37C. After 24 hours incubation, a small amount of tetrathionate 
broth was inoculated on brilliant green agar with sulfadiazine. Colonies 
from Tergitol-7 and brilliant green agar with sulfadiazine which were 
suspect of being Salmonella were inoculated to differential media and 
identified as being Salmonella by biochemical analysis and serotyping with 
polyvalent "0" antisera^ were serotyped at the National Animal Disease 
2 Center. 
Buffer Solutions 
Phosphate buffered saline 
Phosphate buffered saline (PBS) was composed of the following stock 
solutions: 
NazHPOt (0.1 M) 80 ml 
KH2PO4 (0.1 M) 20 ml 
Saline (0.85% NaCl) 1,400 ml 
The above solution was pH 7.2-7.3. 
^Difco Laboratories, Detroit, Michigan. 
^Dr. B. Blackburn, NADC, Ames, Iowa. 
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Barbital buffer 
Barbital buffer was composed of the following reagents: 
Na-5, 5-diethylbarbiturate 
HCl (0.1 N) 230 ml 
15.85 g 
Distilled water 770 ml 
The above solution was pH 8.4. 
Viability Determinations 
The number of viable T. hyodysenteriae per ml was determined at the 
time of transfer or utilization. One ml of culture was used to make ten­
fold dilutions. Each dilution was streaked onto one quarter of a TSA 
plate with a 0.01 ml calibrated platinum loop, streaking from the highest 
to lowest dilutions. Plates were then incubated at 37 or 42C in vented 
Gaspak jars^ with an atmosphere of 80% Hz and 20% CO2. Anaerobiasis was 
observed in the jar by methylene blue indicators.^ Gaspak jars were 
opened every two days and plates examined for growth. Colony-forming units 
were counted macroscopically. Plates were allowed to remain at room atmos-
sphere for 1-2 hours at which time the plates were returned to an atmos­
phere of 80% Hz and 20% CO2. This procedure was repeated for 6 to 8 days. 
Whole culture vaccines 
A 24-36 hour culture of T. hyodysenteriae strain B78 (high passage) 
was inoculated into 200 ml PRAS-TSB-FCS. The culture was incubated under 
Preparation of Whole-Cell Vaccines 
^BBL, Division of Bioquest, Cockeysville, Maryland. 
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an atmosphere of 50:50 deoxygenated HzzCOz at 38C for 36 hours with 
constant agitation. Each pig was orally inoculated with 400 ml of broth 
each day for 19 days. 
A 24-36 hour culture of T. hyodysenteriae isolate B204 (less than 15 
passages) was inoculated into 200 ml aerobic TSB-FCS media. The culture 
was incubated under an atmosphere of 50:50 deoxygenated H2:C02 at 38C for 
36-48 hours with constant agitation. The culture was inactivated at 96 
hours by aseptically exposing it to air at 4C. The inactivated culture 
was mixed with an aluminum hydroxide adjuvant (less than 1% concentration) 
at a 1:1 ratio. This material was injected once subcutaneously (SQ) and 
twice intramuscularly (IM) into swine in 3 ml amounts at 14 day intervals. 
Concentrated culture vaccine 
A 36 hour culture of T. hyodysenteriae isolate B204 (less than 15 
passages) was inoculated into 1000 ml aerobic-TSB-FCS media. The culture 
was incubated under an atmosphere of 50:50 deoxygenated H2:C02 at 38C for 
36 hours with constant agitation. The cells were harvested by centrifuga-
tion at 10,000 X g at 4C. The cells were either washed once in PBS or 
resuspended in a small volume of supernatant. Two ml of PBS containing 
either a 0.2% (v/v) concentration of formalin or a 1:10,000 (v/v) concen­
tration of merthiolate was added to the resuspended cells from 1000 ml of 
broth to bring the suspension to a final volume of 10 ml (lOOX concentra­
tion). The formalin treated cells were inactivated at 48 hours at 20C and 
the merthiolate treated cells were inactivated for 5-10 days at 4C. 
After centrifugation of the broth at 10,000 X g at 4C, the super­
natant was concentrated approximately 100 times by negative pressure 
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dialysis. The concentrated supernatant was filter sterilized with a 0.45 
urn millipore filter and added to the concentrated cells at a 1:1 ratio. 
Trypticase soy agar plates were seeded with a 24 hour culture of T. 
hyodysenteriae isolate B204 (less than 15 passages) and incubated for 48 
to 60 hours at 37C under an atmosphere of 80% Hz and 20% CO2. The culture 
growth was harvested with 0.5 ml of PBS per plate. 
The plate harvest cells were pooled and added to the concentrated 
cells at a 1:2 ratio. Preparations of concentrated cells, concentrated 
cells with concentrated supernatant, and concentrated cells with concen­
trated supernatant and plate harvest cells were mixed with an aluminum 
hydroxide adjuvant (less than 1% concentration) at a 1:1 ratio. These 
three preparations were injected once SQ and twice IM into swine in 
either 2 or 4 ml amounts at 17 day intervals. 
Oral Inoculation of Animals 
Swine 
Swine were challenged after a 24-36 hour starvation period with 
either blood agar plate cultures or broth cultures. Blood agar plate 
cultures were inoculated from 36-48 hour cultures and grown in an H2:C02 
anaerobic atmosphere for 3-4 days at 37C. The agar cultures (10 plates/ 
pig) were removed from the petri plates, mixed with a small quantity of 
feed and given to the pigs as ration for two consecutive days. Approxi­
mately 1 gm was removed from the culture for a colony count determination. 
Broth cultures in either 200 or 1000 ml quantities were inoculated as 
previously described and grown under an atmosphere of 50:50 deoxygenated 
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Hz :CO2 for 24-48 hours at 37C with constant agitation. The broth cultures 
were given to pigs intragastrically via a speculum, stomach tube and 50 ml 
syringe in 100 ml quantities for two consecutive days. Approximately 1 ml 
was removed from the culture for a colony count determination. 
Guinea pigs 
Guinea pigs were challenged after a 24-72 hour starvation period with 
a 24-36 hour broth culture of T. hyodysenteriae in concentrated or uncon-
centrated form. Broth cultures in either 180 or 1000 ml quantities were 
inoculated as previously described and grown under an atmosphere of 50:50 
deoxygenated HziCOz for 24-36 hours at 37C with constant agitation. The 
viable cells were concentrated by centrifugation at 10,000 X g at 4C. The 
cells were resuspended in sterile TSB to a final concentration of lOX. 
The concentrated and unconcentrated broth cultures were given to GP 
intragastrically via a catheter and 20 ml syringe in varying quantities 
for two to three consecutive days. One ml was removed from the culture 
for a colony count determination. 
Source and Care of Pigs 
Specific pathogen-free (SPF) swine were obtained from Kennedy 
Vegetable and Livestock Inc., Clear Lake, Iowa and the Veterinary Medical 
Research Institute, Ames, Iowa. Both herds were free of SD. The pigs 
were housed in 4 different facilities which were as follows: (1) 4 ft. x 
4 ft. isolation cages, with positive filtered air systems, and steel mesh 
floors which allowed for the disposal of wastes into buckets of benzal-
konium chloride (roccal); (2) isolation pens with an isolation entry room, 
and concrete floors; (3) isolation units with an entry hallway consisting 
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of 4 pens per unit with concrete floors and walls; and (4) isolation unit 
with an entry hallway consisting of 12 pens per unit with concrete floors 
and wooden walls. Units and cages were cleaned and fumigated with 
formaldehyde. Pens and cages were aerated for 24 hours prior to the 
introduction of animals. Pigs received for experimentation at weaning 
time were placed on a pig starter ration containing 18% protein. Pigs 
which were six weeks or older were placed on a 16% protein pig grower 
ration. Both rations were free of drugs. Caretakers wore clean coveralls 
and boots prior to entering the units for daily care. Positive control 
swine cages or pens were always entered last during the feeding, watering 
and the collection of swabs. The pens were cleaned regularly except for 
specified experimental periods. 
Source and Care of Guinea Pigs (GP) 
Conventional GP were obtained from James Henderson, R.R. 3, Cedar 
Falls, Iowa. The GP were housed in isolation in stainless steel GP cages, 
and in 4 ft. x 4 ft. swine isolation cages. The GP received an additive-
free diet of GP pellets or an additive-free diet of oats and lettuce. 
Cages were cleaned and disinfected with Fifan (FR) acid solution^ prior to 
housing of the GP. Guinea pigs were cared for daily. 
Source and Care of Rabbits 
Conventional rabbits were obtained from Dwight Carpenter, R.R. 1, 
Maxwell, Iowa. The rabbits were housed in stainless steel rabbit cages 
^Oakite Products Inc., Berkeley Heights, New Jersey. 
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which had been cleaned and disinfected with Fifan (FR) acid solution. The 
rabbits were maintained on an additive-free pellet diet. Rabbits were 
cared for daily. 
Collection of Fecal Specimens 
Fecal specimens were collected from experimental swine with 6-inch 
cotton-tipped wooden applicator sticks (swabs) by inserting and rotating 
the swab in the rectum of the pig. Swabs containing the fecal specimen 
were placed into 0.5 ml of PBS and stored at 4C (less than 12 hours) 
until cultured and/or examined for the presence of T. hyodysenteriae by 
wet-mount phase contrast microscopy. 
Collection of Blood 
Blood samples were collected from the anterior vena cava of swine 
with an 18-gauge needle and syringe. Blood samples were collected from 
the outer marginal vein of rabbits through the use of a bleeding apparatus' 
and vacuum pump or by inserting a 20-gauge needle into the inner marginal 
vein and allowing the blood to flow into tubes directly from the needle. 
Blood samples were collected from guinea pigs by cardiac puncture with a 
23-gauge needle and syringe. The blood was allowed to clot and the serum 
harvested by centrifugation. 
^Bellco Glass Co., Vineland, New Jersey. 
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Collection of Antisera 
Swi ne sera 
Sera were obtained from pigs which had received various preparations 
of T. hyodysenteriae or from pigs which had never been exposed to the 
organism. The history of the swine sera samples is presented in Table 1. 
Rabbit sera 
Sera were obtained from rabbits which were injected twice intra-
dermally (ID) with a 2 ml suspension of formalin (.2%) inactivated T. 
hyodysenteriae (MO® cells per ml) incorporated in Freund's adjuvant^ at a 
1:1 ratio and twice injected intravenously with a 1 ml suspension of 
formalin (.2%) inactivated T. hyodysenteriae (MO® cells per ml). The 
history of the rabbit sera samples is presented in Table 2. 
Guinea pig sera 
Sera were obtained from GP which were injected twice ID with a 2 ml 
suspension of live T. hyodysenteriae (MO® cells per ml) incorporated in 
Freund's complete adjuvant at a 1:1 ratio. The history of the GP sera 
sample is presented in Table 2. 
Antigens 
Microtitration agglutination test antigen 
Treponema hyodysenteriae isolates B204, B297 (15 passages or less) 
were grown in aerobic-TSB-FCS under an atmosphere of 50:50 H2CO2 for 24-36 
hours at 37C. The organisms were subcultured (11% inoculum) into a 200 ml 
^Difco Laboratories, Detroit, Michigan. 
Table 1. Source of serum samples from swine 
Sample 
number 
Experiment 
number 
Day of 
experiment 
Number of 
donor swine 
Exposure and/or vaccination 
experience of donor animal 
SD90 
SD365 
SD366 
SD404 
SD405 
SD406 
SD408 
SD432 
EXSD136 
EXSD117 
EXSD117 
EXSD117 
EXSD126 
EXSD113 
EXSD126 
EXSD136 
35 
50 
2 
50 
40 
3 
40,54 
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1 
4 
4 
4 
2 
4 
2 
3 
Hyperimmunized swine -
isolate B140 
Vaccinated with unwashed con­
centrated cells - isolate B204 
Unexposed controls - 3 weeks 
of age 
Vaccinated with conc. cells, 
conc. supernatant and plate 
harvest cells - isolate 8204 
Unvaccinated - exposed to 
isolate 8204 
Unexposed controls - 3 1/2 
weeks of age 
Unvaccinated - exposed to 
isolate 8204 
Unexposed controls - 9 weeks 
of age 
®0ral inoculation of swine with pathogenic Treponema hyodysenteriae isolate 8204. 
Table 1. (Continued) 
Sample 
number 
Experiment 
number 
Day of 
experiment 
Number of 
donor swine 
Exposure and/or vaccination 
experience of donor animal 
SD460 
SD472 
SD517 
SD635 
SD771 
EXSD138 
EXSD144 
EXSD149 
EXSD144 
EXSD136 
5 
2 
3 
45 
42 
50 
11 
12 
12 
1 
Unexposed controls - 3 weeks 
of age 
Unexposed controls - 9 weeks 
of age 
Unexposed controls - 3 weeks 
of age 
Unvaccinated - exposed to 
isolate B204 
Hyperimmunized swine - isolate 
B140 
Table 2. Source of serum from rabbits and guinea pigs 
Sample 
number Source 
Route of 
inoculation 
Day of 
bleeding 
Inactivated antigen 
preparation 
R32 Rabbit Subcutaneous, 
intravenous 
21, 28 Isolate B78, Freund's adjuvant 
R38 Rabbit Subcutaneous, 
intravenous 
22, 30 Isolate puppy , Freund's adjuvant 
R41 Rabbit Subcutaneous, 
intravenous 
22, 30 Isolate B234, Freund's adjuvant 
R42 Rabbit Subcutaneous, 
intravenous 
19, 26 Isolate B204, Freund's adjuvant 
Tp405 Rabbit Intravenous - - — Isolate B140, PBS 
SD801 Rabbit Subcutaneous 21 Isolate 4/71, Freund's adjuvant 
SD802 Rabbit Subcutaneous 20 Isolate B256, Freund's adjuvant 
SD803 Rabbit Subcutaneous 22 Isolate B297, Freund's adjuvant 
SD804 Rabbit Subcutaneous 33 Isolate 4/71, Freund's adjuvant 
GP13 Guinea pig Subcutaneous 36 Isolate B234, Freund's adjuvant 
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aerobic-TSB-FCS medium and grown under an atmosphere of 50:50 HzzCOz for 
36 hours at 38C with constant agitation. The organisms were harvested by 
centrifugation (10,000 X g at 4C), washed once with PBS and resuspended 
into 75 ml of PBS containing a 1:10,000 concentration (v/v) of merthiolate. 
The antigen was inactivated at 4C for 24-36 hours. 
Fluorescent antibody test antigen 
Treponema hyodysenteriae isolates B204, B234, B297 and 4/71 (less 
than 15 passages) were grown in aerobic-TSB-FCS under an atmosphere of 
50:50 H2:C02 for 24-36 hours at 37C. The culture antigen was placed on 
precleaned slides and allowed to dry. 
Sonicated antigen 
Treponema hyodysenteriae isolates B204 and B297 (less than 15 
passages) were grown in 7 ml aerobic-TSB-FCS under an atmosphere of 50:50 
HstCOz for 24-36 hours at 37C. The organisms were subcultured (11%) 
inoculum) into 200 ml aerobic-TSB-FCS medium and grown under an atmosphere 
of 50:50 H2:C02 for 36 hours at 38C with constant agitation. The organ­
isms were harvested by centrifugation (10,000 X g) at 4C and resuspended 
into 2 ml of PBS. This suspension was placed into a 10 ml beaker sub­
merged in an ice bath of 2-60 and sonicated for 3-5 minute intervals at 
60% full power with a 12 mm diameter Bronwill Bisonik 11^ ultrasonic probe 
inserted approximately 3 mm into the suspension. Sonication was stopped 
for a 5 minute cooling period between intervals. The sonicated material 
was frozen at -20C. 
^Bronwill Scientific, Rochester, New York. 
48 
Hypen'iïinunization antigen 
Treponema hyodysenteriae isolates B140, B256, B297, and 4/71 (15 
passages or less) were grown in 7 ml aerobic-TSB-FCS under an atmosphere 
of 50:50 HzzCOz for 24-36 hours at 37C. The organisms were subcultured 
(11% inoculum) into 200 ml aerobic-TSB-FCS medium and grown under an 
atmosphere of 50:50 HzzCOz for 36 hours at 38C with constant agitation. 
The organisms were harvested by centrifugation (10,000 X g at 4C, washed 
once in PBS and resuspended in 10 ml of PBS containing a 0.2% (v/v) con­
centration of formalin. The antigen was inactivated for 48 hours at room 
temperature. Inactivated cells were checked for viability by culture 
methods previously described. 
Histopathology 
Tissue sections were collected from colons, cecums, small intestines, 
lymph nodes and abscesses of experimental animals and fixed in 10% 
buffered formalin. Tissues were embedded and sectione at 6 microns, 
mounted on glass slides and stained with hematoxylin and eosin Y. Sec­
tioned areas of the large and small intestine were also stained with 
Warthin-Starry stain. The stained tissue sections were examined for 
lesions and the presence of spirochetes by light microscopy.^ 
Collection and Passive Transfer of Serum 
Pigs were euthanized and blood was collected from the anterior vena 
cava and allowed to clot. The serum was harvested and pooled after 
^Bausch and Lomb, Inc., Rochester, New York. 
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centrifugation from both sensitized and unsensitized pigs. Pooled sera 
from two different pigs in both the sensitized and unsensitized swine were 
given I.P. to recipient pigs in quantities of 8.8 ml/kg/pig at 24 hours 
prior to challenge. 
Collection and Passive Transfer of Peritoneal Exudate Cells 
Pigs were injected I.P. with 50 ml/pig of Marcol 52^ mineral oil 3 
days prior to collection of their peritoneal exudate cells. On day 3, 
donor pigs were euthanized and injected I.P. with 300 ml/pig of basal 
medium-eagle's (BME) with Hank's salts, and L-glutamine. The pigs were 
massaged around the peritoneum for approximately 30 minutes prior to 
entering the region and extracting the peritoneal exudate with a 14 gauge 
needle and 50 ml syringe. The collected cells were washed once in BME and 
3 
checked for viability with trypan blue dye. Washed sensitized and un­
sensitized cells were injected I.P. into respective recipient swine. 
Viability determinations demonstrated a 80.3% exclusion of dye prior to 
injection of the cells into recipient pigs. 
Serological Tests 
Microtitration agglutination test 
A Coleman 7 nephelometer^ was used in the adjustment of inactivated 
antigen for microti ter testing. The instrument was adjusted to zero with 
^Chemistry Stores, Iowa State University, Ames, Iowa. 
2 Grand Island Biological Company, Grand Island, New York. 
3 Sigma Chemical Company, St. Louis, Missouri. 
4 Coleman Instruments, Maywood, Illinois. 
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a PBS-merth1o1ate (1:10,000 concentration) blank and calibrated to 87 with 
an Ellinghausen 28 turbidity standard^ (Roessler and Brewer, 1967). A 
working dilution of antigen was adjusted to approximately 105 nephelometry 
units (isolate B204) or 50 nephelometry units (isolate B297) with PBS-
merthiolate. 
The microtiter test was performed in u-shaped disposable microtiter 
plates. A PBS diluent (pH 7.2) was delivered in 0.05 ml amounts to each 
well. Sera was added in 0.05 ml amounts to the first column of wells and 
2 twofold dilutions were made with microdiluters to 1:4096. The adjusted 
antigen was added to each well in 0.05 ml amounts. The plate was covered 
3 
with transparent tape and mixed on a vibrator shaker for 2 minutes. The 
plates were incubated at 37C for 18-26 hours. Antibody titers to T. 
hyodysenteriae antigens were determined macroscopically by the appearance 
of a shield formation (presence of antibody) or button formation (absence 
of antibody). 
Indirect fluorescent antibody test 
Slides containing smears of T. hyodysenteriae antigen were fixed in 
cold acetone and stored at -20C. The smears were thawed at the time of 
staining. A 1:10 dilution of test antisera was serially diluted twofold 
in PBS to 1280. The antigen smears were flooded with the respective dilu­
tion of antisera and incubated in a humid chamber at room temperature for 
30 minutes. The excess antisera was drained off the slides and the smears 
^Kindly supplied by Dr. H. C. Ellinghausen, NADC, Ames, Iowa. 
2 Cooke Laboratory Products, Alexandria, Virginia. 
3 Arthur A. Thomas Company, Philadelphia, Pennsylvania. 
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were washed for 10 minutes in an agitating bath of PBS. Conjugated anti-
gamma globulin^ was then spread over the antigen and the slides were in­
cubated in a humid chamber at room temperature for 30 minutes. The excess 
conjugate was drained off the slides and the smears were washed for 10 
minutes in an agitating bath of PBS. The areas around each smear were 
dried and glass coverslips containing a drop of glycerol PBS (1:1 ratio) 
mounting fluid were placed on each antigen smear. The edges of the 
coverslips were sealed with an adhesive to prevent the antigen from drying 
out. The stained slides were stored at 4C. 
Stained smears were read with a Leitz microscope (800x magnifica­
tion) containing a BG12 exciter and OGl barrier using ultra-violet light. 
The staining intensity of antibody-antigen reaction was recorded for each 
smear in the following way: 1)3+= intense fluorescence; 2) 2+ - bright 
fluorescence; 3) 1+ = weak fluorescence; and 4) - = no fluorescence. 
Antibody titers of s2+ were considered positive, 1+ antibody titers were 
questionable and smears with no fluorescence were negative. 
Ouchterlony gel diffusion test 
Agarose^ and noble special agar^ were prepared as 0.6% (w/v) solu­
tions in barbital buffer and supplemented with 10% (w/v) sucrose, EDTA^ 
^Miles Laboratories, Inc., Kankakee, Illinois. 
2 Ernst Leitz, Wetzlar, West Germany. 
3 Kallestad Laboratories, Minneapolis, Minnesota. 
^Difco Laboratories, Detroit, Michigan. 
5 Nutritional Biochemicals Corporation, Cleveland, Ohio. 
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(70 mg/200 ml) and 0.05% (w/v) sodium azideJ The agar preparation was 
boiled and poured on microscope slides for Ouchterlony gel diffusion 
testing. The prepared slides were stored at 4C. 
At testing time, the solidified agar was cut to a specific pattern. 
The antigen was then placed in the center well and the various antisera 
were placed in the peripheral wells. The test was performed at 20C in a 
humid chamber for 24-48 hours. 
Statistical Treatment 
Chi-square tests were used to compare deaths (Tables 9, 10, 11, 14 
and 15) and immunity (Tables 11 and 14) in principal and control swine. 
An analysis of variance was used in testing for significant differences of 
diarrhea and dysentery days and of incubation time between principal and 
control pigs (Tables 7, 9, 10, 11, 14, and 15). If significant differ­
ences were detected, treatment groups were further analyzed within each 
parameter by using the least significant difference test (Steel and 
Torrie, 1960). 
^J. T. Baker Chemical Company, Phillipsburg, New Jersey. 
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RESULTS 
Batch Culture in Flasks 
Experiments were conducted to develop an adequate batch culture 
system to attain maximum numbers of viable cells of T. hyodysenteriae for 
vaccine and challenge purposes. 
Five parameters were studied to determine the optimal method for both 
initiation of growth and attainment of maximum viable cell yields of T. 
hyodysenteriae. These parameters were reciprocating agitation versus no 
agitation, inoculum size, gaseous atmosphere, degree of anaerobiasis, and 
presence or absence of dextrose (1%). The results of growth of T. hyo­
dysenteriae in PRAS-TSB-FCS (agitation versus nonagitation) with either 
CO2 or HziCOz are presented in Table 3. Agitation of flask cultures of 
T. hyodysenteriae during incubation produced a higher viable cell yield 
(10-fold) than did nonagitation. 
The next experiments dealt with flask atmosphere, inoculum size and 
degree of anaerobiasis (Table 4). A higher count of viable cells was 
shown with isolate B204 cultured in aerobic-TSB-FCS under an atmosphere of 
HziCOz with 11% inoculum. 
The final parameter examined with the 180 ml bulk culture system was 
the addition of 1% dextrose final concentration to both PRAS-TSB-FCS and 
aerobic-TSB-FCS prepared media incubated under an atmosphere of either 
CO2 or HgzCOz. The results of these experiments are shown in Table 5. 
A decrease in the number of viable cells of T. hyodysenteriae was shown in 
the TSB-FCS preparations when incubated under an atmosphere of CO2 
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Table 3. Propagation of T. hyodysenteriae strain B-78 in 200 ml of pre-
reduced anaerobically sterilized-trypticase soy broth-fetal calf 
serum (PRAS-TSB-FCS) with 3.5% inoculum 
Treatment Atmosphere 
Incubation time 
0 h 24 h 48 h 72 h 
Agitation CO2 2x105* 1x105 5x10® 1x10' 
Nonagitation CO2 3x105 5x105 7x10® 5x10® 
Agitation HzzCOz 9x1 O** 1x105 1x10® 9x10? 
Nonagitation HzzCOz 1x105 2x105 3x105 1x10® 
^Numbers are the determinations of viable cells per ml of single 
cultures. 
or HzzCOz with the addition of a 1% concentration of dextrose, when com­
pared to the TSB-FCS preparations without the 1% dextrose. 
Due to the convenience of preparation of the aerobic-TSB-FCS medium 
and since little or no difference was shown in viable growth comparisons 
between aerobic-TSB-FCS and PRAS-TSB-FCS preparations, the aerobic-TSB-FCS 
preparation was utilized for large volume culturing (Figure 1). 
Initial volumes of 500 and 1000 ml aerobic-TSB in conventional 2000 
ml round bottom flasks were used for growth studies of T. hyodysenteriae. 
An increase in numbers of viable cells did not occur until the neck of the 
flask was lengthened and the opening of the flask reduced in size. The 
results of propagation of T. hyodysenteriae with this modified 2000 ml 
flask are shown in Table 6. Excellent growth was observed with both 
volumes of aerobic-TSB following flask modification (Figure 2). 
Table 4. Propagation of T. hyodysenteriae isolate B204 in 200 ml of either prereduced anaerobically 
sterilized-trypticase soy broth-fetal calf serum (PRAS-TSB-FCS) or aerobic-trypticase soy 
broth-fetal calf serum (aerobic-TSB-FCS) with 7% and 11% inoculum 
Atmos- Inoc-
Medium phere ulum 
Incubation time 
0 h 24 h 48 h 72 h 
PRAS-TSB-FCS COg 11' 
PRAS-TSB-FCS COg 7 
PRAS-TSB-FCS HgzCOz 11 
PRAS-TSB-FCS HzzCOg 7 
Aerobic-TSB- H,: CO, 11 
FCS 
B.gxlO^b 
(4x10--2x10®)^ 
1.7x10* (1.5x105-2x10®) 
7.0x10® 
(5x105-1x10*) 
2.2x10® 
(1.3x105-4x105) 
1.6x10® 
(3x10^-9x10®) 
1.6x10® 
(9x10--3x10®) 
4.2x10® 
(2xl0®-9xl0®) 
1.3x10? 
(9x10®-2x10?) 
1.3x10® 
(2xl0®-9xl0®) 
2.1x10® 
(9xlO®-5xlO®) 
3.0x10* 
(gxlOf-lxlO?) 
2.2x10* 
(7xl0®-7xl0*) 
2.1x10? 
(9x10*-5x10') 
3.7x10-
(1.5x10--9x10-) 
7.9x10? 
(7xl0?-9xl0?) 
3.0x10? 
(1x10?-9x10?) 
5.5x10® 
(Ixl0--3xl0?) 
1.3x10® 
(2x10--9x10®) 
6.3x103 
(2x103-2x10-) 
2.4x10? 
(2x10?-3x10?) 
^Inoculum in percent of final concentration. 
^Numbers are the mean determinations of viable cells per ml of duplicate cultures. 
"Range of viable cells per ml 
Table 5, Propagation of T. hyodysenteriae isolate B204 in 200 ml of either prereduced anaerobically 
sterilized-trypticase soy broth-fetal calf serum (PRAS-TSB-FCS) or aerobic-trypticase soy 
broth-fetal calf serum (aerobic-TSB-FCS) with or without 1% dextrose 
Atmos­
phere 
Incubation time 
Medium 0 h 24 h 48 h 72 h 
PRAS-TSB-FCS* COz 6.6xlO"b 
(2xlO*-9xlO*)C 
1.5x10® 
(9x10^-9x10') 
1.2x10* 
(3xlO--9xlO?) 
3.1x10* 
(5xlO--9xlO?) 
PRAS-TSB-FCS^ 
1% dextrose 
CO2 5.5x10® 
(2x105-1x10*) 
4.5x10® 
(1x10^-2x10?) 
3.0x10® 
(102-9x10?) 
1.0x10® 
(lOf-lxlO?) 
PRAS-TSB-FCS® HziCOz 5.3x10® (3xl0®-lxl0*) 
1.7x10? 
(9xl0*-3xl0?) 
1.4x10? 
(7xlO«-5xlO?) 
5.0x10® 
(2xl0--7xl0*) 
PRAS-TSB-FCS^ 
1% dextrose 
HzzCOz 3.4x10® (3xl0®-4xl0®) 
5.4x10® 
(1x10^-3x10?) 
3.7x10-
(2x10^-7x10*) 
3.7x10® 
(2xlO--7xlO*) 
Aerobic-TSB-FCS® HziCOz 3.7x10® 
(2xlO®-7xlO®) 
3.2x10® 
(3x10^-5x10*) 
4.8x10* 
(2xl0®-9xl0?) 
2.7x10? 
(6x10*-9x10?) 
Aerobic-TSB-FCS^ 
with 1% dextrose 
H2:CO2 6.0x10* 
(4xlO*-9xlO*) 
1.0x10-
(10^-1x10®) 
2.4x10® 
(10^-6x10?) 
1.4x10® 
(10=^-2x10?) 
®Ten cultures were used in the determination of mean numbers of viable cells. 
^Numbers are the mean determinations of viable cells per ml. 
^Range of viable cells per ml. 
^Duplicate cultures were used in the determination of mean numbers of viable cells. 
^Triplicate cultures were used in the determination of mean numbers of viable cells. 
Figure 1. Characteristic appearance of growth of Treponema hyo-
dysenteriae isolate B204 in a 180 ml flask culture (left 
flask)! Right flask is uninoculated control. 
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Table 6. Propagation of T. hyodysenteriae isolate B204 in either 600 or 1000 ml volumes 
Incubation time 
Volume Oh 12 h 20-24 h 30-36 h 45-54 h 
600 ml ND® 1x10'^ 1.3x10®^ . 4.2x10® 7.0x10® 
(6x107-3x10®)*  (2xl0®-9xl0®) (5xlO®-lxlO?) 
1000ml 4.2x10® 6.3x10® 1.3x10® 3.0x10® 3.2x10® 
(2xl0®-9xl05) (2xlO®-2xlO?) (Ixl0®-1.8x10®) {Ixl0®-9xl0®) (Ixl0®-lxl0?) 
®ND = not determined. 
'^Number is the determination of viable cells per ml. 
^Numbers are the mean determination of viable cells per ml of duplicate cultures. 
^Range of viable cells per ml. 
Figure 2. Characteristic appearance of growth of Treponema hyo-
dysenteriae isolate B204 in a 1000 ml flask culture (left 
flask). Right flask is uninoculated control. (Growth was 
obtained in the 1000 ml flask culture after the following 
adjustments were made: The neck of the flasks was length­
ened 10 cm and the opening was reduced from 4.4 cm to 2.5 
cm to accommodate a size 4 rubber stopper.) 
T. HYO.-
24 HR. 
C U L T U R E  
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Attempted Induction of Resistance to Swine Dysentery 
Oral inoculation of pigs with avirulent Treponema hyodysenteriae strain 
B-78 
Experiment I Six 4-week-old pigs were orally inoculated with live 
avirulent T. hyodysenteriae strain B-78 and 4, 4-week-old pigs were 
inoculated orally each day with sterile TSB on days 1 through 14 and days 
24 through 28. The principals and controls were challenged on day 35 and 
36 with pathogenic isolate B204 (6.8 x 10*) viable cells per pig per day. 
The results are summarized in Table 7. No significant differences were 
noted between principal and control results. 
At day 34, the serum agglutinating titers for 2 pigs inoculated with 
3.3 x 10* viable cells per pig per day for 19 days were 64 each; the serum 
antibody titers for the 2 pigs inoculated with 3.3 x 10' viable cells per 
pig per day for 19 days were 128 and 64, respectively; and the serum 
titers for the 2 pigs inoculated with 3.3 x 10® viable cells per pig per 
day for 19 days were 128 each. The serum antibody titers of the 4 control 
pigs were 64, 64, 64 and 128, respectively. Pigs were not killed and 
necropsied. 
Oral inoculation of pigs with pathogenic Treponema hyodysenteriae isolate 
B204 
Experiment II Sixteen 8-week-old pigs were orally inoculated with 
either 12th or 23rd passage T. hyodysenteriae isolate B204 on days 1 and 2 
or on days 1, 2 and 3. The control pigs served as contact pigs in order 
to evaluate isolation between treatment groups. Results of challenge are 
summarized in Table 8. 
Table 7. Results of challenge of pigs with pathogenic Treponema hyodysenteriae isolate B204 which 
had been orally vaccinated 18 times with avirulent strain B-78 (Experiment I) 
Treatment® Incubation^ 
Duration 
Diarrhea^ 
1 of 
Dysenteryb 
Phase 
observations Deaths 
Principals-3.3xlO* viable cells 
of strain B-78/pig 
13.of 15.0^ 8.5® 14.0^ 0/2 
Principals-3.3xlO? viable cells 
of strain B-78/pig 
11.0 14.5 6.5 12.0 0/2 
Principals-3.3x105 viable cells 
of strain B-78 pig 
10.0 17.5 10.5 10.0 0/2 
Controls-sterile trypticase soy 
broth 
10.5 16.8 11.8 12.0 0/4 
^Inoculation of pigs through ingestion of the organism. 
^Comparisons of results of principal and control swine were not significant, p^O.050 level. 
^Mean DPI before onset of swine dysentery. 
^Mean days of diarrhea. 
®Mean days of blood in the feces. 
f  Mean DPI before presence of T. hyodysenteriae in fecal speiments by phase contrast microscopy. 
Table 8. Challenge of pigs with 12 and 23 passage Treponema hyodysenteriae isolate B204 
II) 
(Experiment 
Treatment® Incubation 
Duration 
Diarrhea 
of 
Dysentery 
Phase 
observations Deaths 
Principals-1.3x10^° viable cells/ 
pig, 12 passage 
12.3b 21.QC 16.0^ 6.5® 2/4 
Principals-3.8xl0viable cells/ 
pig, 12 passage 
13.8 21.5 14.8 6.8 2/4 
Principals-1.8x10^° viable cells/ 
pig, 23 passage 
16.5 17.0 8.0 7.5 1/4 
Principals-5.4xlO^° viable cells/ 
pig, 23 passage 
19.5 18.5 10.5 11.8 2/4 
Controls-sterile TSB 28.3 8.3 2.0 25.0 1/4 
^Intragastric inoculation of pigs with the viable organism. 
'^Mean DPI before onset of swine dysentery. 
^Mean days of diarrhea. 
^Mean days of blood in the feces. 
®Mean DPI before observations of hyodysenteriae in fecal specimens by phase contrast 
microscopy. 
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All pigs that died were necropsied. Macroscopic lesions were located 
in the large intestine and consisted of catarrh, hemorrhage, hyperemia and 
edema. The intestinal lumen of some of the pigs contained normalingesta, 
but the majority contained excess mucus, blood and pieces of fibrin. One 
pig which was inoculated with 1.3 x 10^* of 12th passage viable cells had 
a necrotic pseudomembrane on the mucosal surface of the colon. 
Microscopic examination of intestinal tissues revealed superficial 
erosion of the colonic epithelium with congestion and goblet cell hyper­
plasia. Leukocyte infiltration of the colonic lamina propia was also 
evident in most specimens. Spirochetes were present in the crypts. The 
small intestine appeared normal to edematous with some areas of autolysis. 
Salmonella were not isolated. 
Serum samples were not collected. 
Seven of the 16 infected pigs which survived challenge were used in 
Experiment V. 
Intramuscular (IM) or subcutaneous (SQ) injection of swine with either 
inactivated whole culture or inactivated washed culture of pathogenic 
Treponema hyodysenteriae isolate B204 
Experiment III Twenty-four 3-week-old pigs were treated as 
follows: 1) 8 pigs received 1.5 ml of inactivated whole culture (IM) per 
pig on days 1 and 10, and 1.5 ml of inactivated whole culture (SQ) per pig 
on day 21; 2) 8 pigs received 1 ml of merthiolate inactivated concentrated 
washed culture per pig (IM) on days 1 and 10, and 1 ml of merthiolate 
inactivated concentrated washed culture per pig (SQ) on day 21; 3) 4 pigs 
received 1 ml of formalin inactivated concentrated washed culture per pig 
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(IM) on days 1 and 10, and 1 ml of formalin inactivated concentrated 
washed culture per pig (SQ) on day 21 ; 4 control pigs received 1 ml of PBS 
per pig (IM) on days 1 and 10, and 1 ml of PBS per pig (SQ) on day 21. 
On day 35 and 36, pigs in all four groups were orally challenged with 
an average of 2.5 x 10^° viable cells per pig per day of pathogenic T. 
hyodysenteriae isolate B204. 
The challenge results are summarized in Table 9. No significant 
differences were noted between principal and control results. 
Pigs were necropsied at time of death. Lesions in the large intes­
tine of pigs consisted of catarrh, hemorrhage and hyperemia with lumen 
contents of blood, fibrin, normal and necrotic debris. One pig injected 
with whole culture, 1 pig injected with merthiolate treated concentrated 
cells and 2 control pigs developed a condition of catarrhal enteritis. 
Other gross lesions seen in the control swine were as follows; 1) 1 con­
trol pig had a purulent pleuritis with fibrin, and 2) 1 control pig had 
a splenic infarct. 
Twelve of 14 pigs necropsied had nodular lesions at the site of in­
jection. These lesions were sterile and consisted of dry, granular 
material. 
Microscopic lesions of the colonic tissues varied from necrosis with 
submucosal fibrosis to congestion and goblet cell hyperplasia. The 
nodular material had a necrotic center with rings or a layering of 
granulocytes similar to that of a granuloma. Spirochetes were present in 
the crypts of pigs having lesions typical of SD. 
Salmonella were not isolated. 
Table 9. Challenge of pigs with pathogenic Treponema hyodysenteriae isolate B204 after parenteral 
vaccination with inactivated whole culture or washed concentrated cells of pathogenic 
isolate B204 (Experiment III) 
Treatment® Incubation^ 
Duration 
Diarrhea^ 
1 of 
Dysenteryb 
Phase 
observations Deaths 
Principals-whole culture cells, 
aeration inactivation at 4C 
11.of 22.0^ 16.0* 7.9^ 5/8 
Principals-concentrated cells, 
merthiolate (1:10,000) 
inactivation 
9.6 21.9 17.8 7.9 4/8 
Principals-concentrated cells, 
formalin (.2%) inactivation 
10.5 21.0 18.8 6.0 2/4 
Controls-PBS 6.5 25.0 23.3 6.3 4/4 
^Parenteral injection of bacterin, twice intramuscular and once subcutaneous. 
^Comparisons of results of principal and control swine were not significant, psO.OS level. 
^Mean DPI before onset of swine dysentery. 
^Mean days of diarrhea. 
®Mean days of blood in the feces. 
f Mean DPI before observations of T. hyodysenteriae in fecal specimens by phase contrast 
microscopy. 
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Serum agglutination titers of the vaccinates are shown in Figure 3. 
Eight of the 20 vaccinated pigs which were infected with SD and 
survived the challenge period were used in Experiment V. 
Intramuscular injection of swine with concentrated unwashed culture 
pathogenic T. hyodysenteriae isolate B204 
Experiment IV Sixteen 3-week-old swine were treated as follows: 
1) four pigs received a 2 ml inactivated suspension of concentrated cells, 
concentrated supernate and plate harvest cells on days 1, 17 and 33; 2) 
4 pigs received a 2 ml inactivated suspension of concentrated cells and 
concentrated supernate on days 1, 17 and 33; 3) 4 pigs received 2 ml of 
inactivated concentrated cells on days 1, 17 and 33; and 4) 4 control pigs 
received 2 ml of PBS on days 1, 17 and 33. 
On days 49 and 50, pigs were orally challenged with an average of 
2.8 X IQio viable cells of pathogenic T. hyodysenteriae isolate B204 per 
pig per day. The challenge results are summarized in Table 10. No 
significant differences were noted between principal and control results. 
Necropsy was performed at time of death or on day 80 when the pigs 
were killed. Gross lesions of the large intestine consisted of catarrh, 
hemorrhage and hyperemia. The lumen contents of the colon consisted of 
blood, fibrin and normal debris. Twelve of 16 pigs necropsied had nodular 
growths near the area of injection. Two pigs had sterile caseous 
abscesses at 1 of 2 IM injection sites. 
Microscopic lesions of the large intestines included edema, conges­
tion, crypt dilatation, and superficial necrosis. The small intestines, 
except for occasional congestion, were free of microscopic lesions. 
Figure 3. The serum agglutination response (MAT) detected against 
Treponema hyodysenteriae antigen in unvaccinated pigs and 
in pigs vaccinated with concentrated merthiolate treated 
antigen, concentrated formolized antigen and whole culture 
antigen, prior to challenge (Experiment III). 
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Table 10. Challenge of pigs with pathogenic Treponema hyodysenteriae isolate B204 after parenteral 
vaccination with inactivated unwashed concentrated pathogenic isolate B204 (Experiment 
IV) 
Treatment® Incubation^ 
Duration of 
Diarrhea^ Dysenteryb 
Phase 
observations Deaths 
Principals-concentrated cells, 
concentrated supernate, 
plate harvest cells 
14.of 17.0^ 10.8® 13.of 1/4 
Principals-concentrated cells, 
concentrated supernate 
12.3 16.8 12.3 12.3 1/4 
Principal s-concentrated cells 11.8 21.6 13.8 9.8 0/4 
Controls-PBS 3.5 23.0 17.0 4.5 1/4 
^Parenteral injection of bacteria (merthiolate inactivated), intramuscular route (3x). 
^Comparisons of results of principal and control swine were not significant, pzO.OS level. 
^Mean DPI before onset of swine dysentery. 
^Mean days of diarrhea. 
®Mean days of blood in the feces. 
^Mean DPI before observations of T^ hyodysenteriae in fecal specimens by phase contrast 
microscopy. 
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Spirochetes were present in large numbers in the crypts of pigs with SD 
lesions. The nodular tissue, when examined microscopically, consisted of 
a necrotic center with rings or layering of granulocytes similar to that 
of a granuloma. 
Salmonella were not isolated. The serum agglutination titers of the 
pigs are shown in Figure 4. 
Two of 4 control pigs which were infected with SD and survived the 
challenge period were used in Experiment V. 
Challenge of unexposed pigs and pigs which had previously recovered from 
swine dysentery 
Experiment V Eight parenterally injected pigs from Experiment 
III, 7 pigs from Experiment II, 2 control pigs from Experiment IV and 3 
pigs obtained from a challenge experiment that were experimentally in­
fected with SD through pure culture oral challenge with pathogenic T. 
hyodysenteriae isolate B204 were allowed to convalesce for 35-45 days post 
infection. These 20 recovered swine along with 9 unexposed swine were 
inoculated with an average of 2.6 x 10^° viable cells per pig per day for 
2 consecutive days of pathogenic T. hyodysenteriae isolate B204. Seven of 
the 8 swine which were resistant to pure culture rechallenge were later 
used for crude inoculum studies in Experiment VI. 
Eight pigs from pure culture oral inoculation studies which were 
affected with SD through pure culture oral challenge with pathogenic T. 
hyodysenteriae isolate B204 were allowed to convalesce for 55-65 days post 
infection. These 8 recovered swine were reinoculated with an average of 
7.0 X lO^o viable cells per pig per day of pathogenic T. hyodysenteriae 
Figure 4. The serum agglutination response (MAT) detected against 
Treponema hyodysenteriae antigen in unvaccinated pigs and 
in pigs vaccinated with concentrated cells; concentrated 
cells and supernatant; and concentrated cells, concen­
trated supernatant and plate harvest cells; prior to 
challenge (Experiment IV). 
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isolate B204. A summary of the challenge results is shown in Table 11. 
Significant differences were noted between treatment and control results. 
Chi square values of resistance (Table 12) and death loss (Table 13) 
of recovered pigs were highly significant. 
Six of these 8 pigs were shedding pathogenic T^ hyodysenteriae as 
detected by culturing fecal swabs on TSA-S400 plates at the time of re-
challenge. One of 8 pigs was not resistant to rechallenge and was posi­
tive for T. hyodysenteriae by culture prior to the presence of clinical 
signs. 
Necropsy was performed at death and at selected times on killed 
swine. Typical lesions involved hemorrhage and catarrh with some hyper­
emia and edema. Fibrin, blood, mucus, necrotic and normal debris made up 
the contents of the colonic lumen. One convalescent pig which had 
diarrhea but no signs of dysentery had focal areas of hemorrhage with 
hyperemia and excess mucus. One control pig had a pseudomembrane covering 
the colonic mucosa. Three of 5 convalescent swine which were killed and 
necropsied at time of death had macroscopic lesions typical of SO. 
Salmonella was not isolated from tissues in either group. 
Typical microscopic lesions of the colonic tissue included a muco-
fibrinous exudate with congestion, necrosis of the epithelium and in some 
cases submucosal fibrosis and goblet cell hyperplasia. Leukocyte infil­
tration of the submucosa was also evident in many cases. 
Eight of the 29 principal swine were examined for serum agglutinating 
antibody to T. hyodysenteriae at day 1 of initial oral inoculation, days 
Table 11. Challenge of pigs with pathogenic Treponema hyodysenteriae isolate B204 following their 
recovery from swine dysentery (Experiment V) 
Pig 
experiments 
Recovery 
period 
Duration of Phase observa­
tions Group Incubation^ Diarrhea® Dysenterya Deaths 
Parenterally 
vaccinated -
recovered 
III 35-45^ 27.1^ 2.1^ 0.8® 23.4^ 0/8 
Orally infected -
recovered 
II, IV 35-45 28.9 3.7 0.2 25.6 0/12 
Orally infected -
recovered 
— — 55-65 27.3 5.1 2.8 30.0 0/8 
Controls — - 11.7 18.9 14.3 10.8 6/16 
^Comparisons of results of principal and control swine were significant within each treatment 
group, p<0.01 level. 
^Days post infection with T^ hyodysenteriae. 
^Mean DPI before onset of swine dysentery. 
^Mean days of diarrhea. 
®Mean days of blood in the feces. 
^Mean DPI before presence of T^ hyodysenteriae in fecal specimens by phase contrast microscopy. 
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Table 12. Summary of resistance of convalescent pigs to rechallenge with 
pure culture T. hyodysenteriae isolate B204 from Experiment V 
Treatment 
Number 
of swine 
Number of swine resistant 
to T. hyodysenteriae 
rechallenge 
Chi square 
value 
Recovered 28 25 
Control 16 3 18.94^^ 
••Significant at pzO.Ol level. 
Table 13. Summary of deaths of convalescent pigs following rechallenge 
with pure culture T. hyodysenteriae isolate B204 from 
Experiment V 
Number of swine deaths 
Number following rechallenge Chi square 
Treatment of swine with T. hyodysenteriae value 
Recovered 28 0 
Control 16 6 9.18f^ 
••Significant at p<0.01 level. 
15-20, days 30-45, and days 50-65 prior to rechallenge at which time the 
mean agglutination titer was 74.6. The mean titer for 7 unexposed con­
trols at challenge was 27.5. Thirty days after rechallenge, the re­
maining 4 convalescent swine had a mean serum agglutinating titer of 
181.0 (Figure 5). 
Figure 5. The serum agglutination response (MAT) detected against 
Treponema hyodysenteriae antigen in unexposed pigs and in 
pigs convalescent from SD (Experiment V). 
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An increase in titer of nonspecific agglutinins to T. hyodysenteriae 
antigens was noted in the sera of unexposed pigs (Experiments III, IV and 
V) as they became older (Figure 6). 
Oral inoculation of convalescent swine with colonic material from acute 
dysenteric pigs 
Experiment VI Seven swine from Experiment V (65-75 days post 
infection) which had naturally recovered from swine dysentery and were 
resistant to pure culture oral inoculation with pathogenic T. hyo­
dysenteriae isolate B204 and 4 unexposed swine were orally inoculated with 
20 ml of colonic contents from two pigs acutely affected with swine 
dysentery. A summary of the results of this oral inoculation is shown in 
Table 14. No significant differences were noted between principal and 
control results. 
Pigs were not killed and necropsied. 
Serum samples were not collected. 
Adoptive Transfer of Sensitized or Unsensitized Cells 
and/or Sera to Unexposed Recipient Swine 
Experiment VII 
Sixteen 8-week-old swine were injected intraperitoneally (IP) and 
subcutaneously (SQ) as follows: 1) on day 1, 4 pigs each received either 
8.0 X 10® sensitized or 4.0 x 10® unsensitized peritoneal cells, SQ; 2) on 
day 6 and 14, 2 pigs each received either 4.4 x 10® sensitized peritoneal 
cells, SQ, and 4 ml of immune sera per lb., IP, or 3.6 x 10® unsensitized 
peritoneal cells, SQ, and 4 ml of nonimmune sera per lb., IP; and 3) on 
day 14, 2 pigs each received either 4 ml of immune sera or 4 ml of non-
Figure 6. The serum agglutination response (MAT) detected against 
Treponema hyodysenteriae antigen in unexposed pigs of 
various ages. 
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Table 14. Challenge of pigs with crude dysenteric inoculum following 
their recovery from swine dysentery (Experiment VI) 
Duration of Phase 
Group Incubation* Diarrhea® Dysentery^ observations Deaths 
Principals 18.4^ 5.1 = 3.0^ 25.0® 0/7 
Control s 14.0 15.8 10.8 13.8 0/4 
^Comparisons of results of principal and control swine were not 
significant, pcO.OS level. 
''Mean DPI before onset of swine dysentery. 
Slean doys of diarrhea. 
^ean days of blood in the feces. 
®Mean DPI before presence of hyodysenteriae in fecal specimens by 
phase contrast microscopy. 
immune sera per lb., IP. On days 15 and 16, principal pigs and 7 control 
pigs were orally inoculated with 5.8 x 10^® viable cells per pig per day 
of pathogenic T. hyodysenteriae isolate B204. A summary of results of 
this passive transfer is shown in Table 15. No significant differences 
were noted between principal and control results. 
Pigs were necropsied at time of death. Macroscopic lesions in the 
large intestine included hyperemia, hemorrhage, catarrh and inflammation. 
The lumen contents varied from fibrin, necrotic debris and normal debris 
to blood with excess mucus. A pig which received unsensitized cells had 
a pseudomembrane covering the mucosa surface of the colon. 
Microscopic lesions of the colonic tissue consisted of congestion, 
crypt dilatation, superficial necrosis of the epithelium with occasional 
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Table 15. Results of swine challenged with pathogenic Treponema hyo-
dysenteriae isolate B204 after adoptive transfer of sensitized 
or unsensitized swine cells and/or sera (Experiment VII) 
Incuba-
tionb 
Duration of Phase observa­
tions Treatment® Diarrheab Dysenteryb Deaths 
Sensitized cells 7.3C 25.2^ 19.2® 5.5^ 2/4 
Unsensitized cells 13.0 16.0 10.0 13.0 1/4 
Sensitized sera 6.0 25.5 24.0 6.0 1/2 
Unsensitized sera 4.0 27.0 26.0 4.5 2/2 
Sensitized sera 
and cells 
6.0 26.5 24.0 6.0 2/2 
Unsensitized sera 
and cells 
4.0 27.0 26.0 4.5 2/2 
Controls - PBS 4.1 23.9 4.1 5.4 6/7 
^Parenteral injection of cells, sera or PBS intraperitoneally. 
'^Comparisons of results of principal and control swine were not 
significant, p^O.05 level. 
^Mean DPI before onset of swine dysentery. 
^Mean days of diarrhea. 
®Mean days of blood in the feces. 
^Mean DPI before observations of T. hyodysenteriae in fecal specimens 
by phase contrast microscopy. 
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submucosa fibrosis. Spirochetes were present in large numbers in the 
crypts of pigs with SD lesions. Salmonella were not isolated. Serum was 
not collected. 
Development of the Microtitration Agglutination Test (MAT) 
An agglutination test procedure was initiated in disposable plastic 
trays which would facilitate serum dilution, diluent and antigen delivery 
with microtitration equipment. Agglutination of T. hyodysenteriae antigen 
was observed microscopically after incubation at 37C for 22-28 hours in 
the form of shields. The antigen settled in the form of buttons in the 
wells of serum dilutions which no longer contained detectable antibody 
against T. hyodysenteriae (Figure 7). 
Live and inactivated antigen either washed in PBS or unwashed were 
compared in the MAT procedure against pooled sera from unexposed control, 
vaccinated and convalescent swine. Antibody titers obtained with these 
different antigen preparations are shown in Table 16. Inactivated antigen 
with 1:10,000 concentration of merthiolate at 4C was optimal against the 
tested swine sera. 
Antigen was also inactivated with 0.2 percent formalin or 1:2000 
concentration of sodium azide in PBS. Antigen failed to settle out in the 
form of shields or buttons in either preparation. 
Washed antigen was inactivated with 1:10,000 concentration of 
merthiolate in PBS at either 37C or 4C for 24-36 hours prior to utiliza­
tion in the MAT against pooled sera of unexposed control, vaccinated and 
convalescent swine. The antibody titers obtained when the two antigen 
Figure 7. The endpoints of the microtitration agglutination test 
were determined by the formation of shields (antibody 
present) and buttons (antibody absent). The sera is 
rows B and D are from unexposed swine. The serum in 
row C is from a hyperimmunized rabbit (1/100 dil.). 
The sera in rows A, E and 6 are from hyperimmunized 
swine. The sera in rows F and H are from convalescent 
swine. 
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Table 16. Effects of various antigen treatments of isolate B204 Treponema 
hyodysenteriae on the microtitration agglutination test 
Antigen preparation 
Sample 
number® 
Live, 
unwashed" 
Inactivated, 
unwashed^ 
Inactivated, 
washed^ 
SO 90 512® 256 256 
512 512 256 
SD 771 512 512 ND 
512 256 NO 
SO 365 32,768 16,384 4,096 
4,096 4,096 4,096 
SD 404 16,384 8,192 1,024 
4,096 4,096 2,048 
SD 369 1,024 512 512 
256 512 512 
SD 366 8 8 8 
8 8 32 
SD 405 8 4 ND 
16 16 ND 
SD 406 16 16 32 
4 8 32 
^Refer to Table 1 for history of sample source. 
^Antigen allowed to settle without centrifugation. 
^Centrifuged antigen inactivated with merthiolate (1:10,000) concen­
tration at 4C without washing. 
^Centrifuged antigen inactivated with merthiolate (1:10,000) concen­
tration at 4C with washing. 
®Titer expressed as the reciprocal of the serum dilution. 
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preparations were used are shown in Table 17. A temperature of 4C was 
optimal for the inactivation of antigen for 24-36 hours. Diluents of PBS, 
PBS with 2.5 percent NaCl and PBS with 1:10,000 concentration of gelatin 
were compared using inactivated T. hyodysenteriae antigen against pooled 
sera of unexposed control, vaccinated and convalescent swine. The MAT 
antibody titers obtained when these diluents were used are shown in Table 
18. 
Pooled swine sera which was untreated or inactivated for 30 minutes 
at 56C was compared against T. hyodysenteriae antigens in the MAT when 
reacted in a diluent of PBS at pH of 5.5 or 7.2. The MAT antibody titers 
obtained with these pooled swine sera inactivated at 56C for 30 minutes 
was optimal in the PBS diluent against T. hyodysenteriae antigens 
(Table 19). 
The effects of culturing T. hyodysenteriae for 24 or 36 hours prior 
to harvesting for antigen were compared in the MAT by reacting the anti­
gens against pooled sera of unexposed control, vaccinated and convalescent 
swine. The antibody titers obtained with the two antigen preparations are 
shown in Table 20. Culturing of T. hyodysenteriae for 36 hours prior to 
harvesting for antigen was optimal when reacted against swine sera in the 
MAT. 
The reproducibility and sensitivity of the MAT was evaluated using a 
merthiolate inactivated T. hyodysenteriae antigen against unexposed con­
trol, vaccinated and convalescent swine sera. Five different lots of 
antigen prepared in a similar manner are compared in Table 21. The 
greatest variation between antigen lots was a fourfold difference. 
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Table 17. Effects of inactivation of washed antigen with merthiolate 
(1:10,000) at various temperatures on the microtitration 
agglutination test 
Inactivation of antigen 
Sample number® 37C 4C 
SO 90 ro
 
00
 cr
 
128 
64 256 
SO 365 1024 2048 
1024 2048 
SD 404 2048 1024 
1024 1024 
SD 369 256 256 
128 256 
SD 408 256 128 
128 256 
SD 406 64 32 
16 8 
SD 471 64 32 
16 16 
SD 460 16 16 
32 16 
^Refer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilution. 
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Table 18. Effects of various diluent on isolate B204 Treponema hyo-
dysenteriae antigen in the microtitration agglutination test 
Diluent 
Sample number^ PBS PBS, NaClc PBS, gelatin^ 
SD 90 
<u 
CM in 256 256 
SO 140 ND^ 256 ND 
SD 365 4096 8192 4096 
SD 404 1024 8192 1024 
SD 369 512 512 256 
SD 408 512 ND 512 
SD 366 ND 16 ND 
SD 406 ND 32 ND 
SD 406 4 32 8 
SD 471 2 ND 2 
SD 460 16 ND 16 
*Inactivation of antigen with merthiolate (1:10,000) at 4C. 
^Refer to Table 1 for history of sample source. 
SaCl used at a 2.5% concentration with PBS. 
^Gelatin used at a 1:10,000 concentration with PBS. 
^Titers expressed as the reciprocal of the serum dilution. 
^ND = not determined. 
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Table 19. Effects of diluent pH and sera treatment in relation to antigen 
settling in the microtitration agglutination test® 
Sample number^ 
Diluent pH and serum treatment 
Unheated sera Heated sera 
5.5 7.2 5.5 7.2 
SD 90 512^ 512 256 128 
1024 ND^ 128 128 
SD 265 4096 4096 4096 2048 
4096 >4096 4096 2048 
SD 404 4096 4096 4096 4096 
512 4096 1024 2048 
SD 269 512 512 512 256 
128 128 256 256 
SD 408 256 256 512 256 
64 256 128 256 
SD 366 32 32 32 32 
16 16 8 16 
SD 405 32 32 32 32 
8 16 8 16 
SD 406 256 64 64 64 
32 64 32 8 
*Inactivation of antigen with merthiolate (1:10,000) at 4C. 
^befer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilution. 
^ND = not determined. 
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Table 20. Effect of culture times of isolate B204 Treponema hyo-
dysenteriae on the settling of the antigen in the microtitra-
tion agglutination testa 
Time of culture 
Sample number^ 24 h 36 h 
SD 90 25Gf 128 
256 256 
256 128 
SD 365 4096 2048 
2048 2048 
2048 2048 
SD 404 4096 1024 
2048 2048 
2048 2048 
SD 369 256 256 
512 512 
512 256 
SD 408 256 256 
512 256 
256 256 
SD 366 16 8 
16 16 
8 8 
SD 406 32 8 
64 32 
32 8 
SD 432 64 32 
128 32 
32 16 
^Antigen used was inactivated with merthiolate (1:10,000) at 4C and 
reacted against inactivated swine sera. 
^Refer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilution. 
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Table 21. Comparisons of titers of various swine sera between and within 
5 different antigen lots of isolate B204 in the microtitration 
agglutination testa 
Antigen preparation 
Sample number^ A B C D E 
SD 771 256^ 128 128 512 128 
256 128 512 256 128 
256 512 256 256 
SD 365 4096 4096 4096 4096 2048 
2048 2048 4096 1024 2048 
4096 2048 2048 2048 
SD 404 2048 2048 2048 2048 1024 
2048 512 2048 1024 1024 
2048 512 2048 2048 
SD 408 256 256 256 512 512 
256 256 512 256 256 
256 512 256 128 
SD 635 512 512 1024 1024 512 
512 1024 1024 512 512 
512 1024 512 512 
SD 460 32 8 16 16 4 
32 16 16 4 8 
32 32 16 16 
SD 472 32 32 16 32 16 
32 8 16 32 16 
32 32 32 16 
SD 517 8 4 4 4 4 
8 4 8 4 4 
8 4 4 4 
^Antigen used was inactivated with merthiolate (1:10,000) concentra­
tion at 4C and reacted against inactivated swine sera. 
''Refer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilutions. 
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Sensitivity is shown in the antigen lots with the comparison of antibody 
titers of pooled sera from unexposed control, vaccinated and convalescent 
swine. 
A total of 24 of 29 antigen preparations were acceptable for use in 
the evaluation of swine, rabbit and guinea pig sera for antibodies to T. 
hyodysenteriae antigens. The merthiolate inactivated antigen remained 
stable for a period varying between 7-12 days, after which antigen set­
tling was inconsistent. 
Pathogenic isolate B204 and nonpathogenic isolate B297 T. hyo­
dysenteri ae were inactivated in a similar way and used as antigens in the 
MAT against swine, rabbit and guinea pig antisera. The MAT antibody 
titers obtained using the two antigen preparations are shown in Table 22. 
Swine and rabbit antisera against T. hyodysenteriae isolate B204 were 
adsorbed with concentrated (lOOx) isolate 8204 cells for 24 hours at both 
38C and 4C. The antibody titers obtained against T. hyodysenteriae iso­
late 8204 antigens before and after adsorption of various antisera with 
homologous antigen are shown in Table 23. 
The Indirect Fluorescent Antibody Test (IFAT) 
An IFAT was utilized in the comparison of pathogenic and nonpatho­
genic T. hyodysenteriae antigens against unabsorbed and absorbed indi­
vidually pooled rabbit antisera. The antibody titers obtained with the 
IFAT are shown in Table 24. 
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Table 22. Comparison of pathogenic and nonpathogenic antigen preparations 
in the microtitration agglutination test® 
Antigen preparations 
Sample number^ Source B204 B297 
SD 771 Swine 128^ 16 
256 2 
Tp 405 Rabbit 128,000 <200 
64,000 <200 
SD 365 Swine 2,048 8 
2,048 2 
R 42 Rabbit 4,096 4 
1,024 4 
R 41 Rabbit 256 16 
256 8 
GP 13 Guinea pig 2,048 2 
1,024 
R 32 Rabbit 256 8 
128 4 
SD 802 Swine 4 512 
8 256 
SD 803 Swine 8 >4,096 
8,192 
SD 804 Swine 8 128 
4 256 
R 38 Rabbit 8 32 
16 16 
^Antigen used was inactivated with merthiolate (1:10,000) concentra­
tion at 4C. 
^befer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilutions. 
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Table 23. Comparison of serum titers using B204 antigen before and after 
adsorption of swine and rabbit sera with isolate B204 Treponema 
hyodysenteri ae^ 
Sera 
Sample number Source Unadsorbed Adsorbed 
SD 404 Swine 2,048f 8 
R 42 Rabbit 4,096 32 
SD 408 Swine 128 4 
SD 635 Swine 256 4 
R 32 Rabbit 256 16 
SD 771 Swine 128 16 
Tp 405 Rabbit 128,000 <200 
R 41 Rabbit 256 4 
^Antigen used was inactivated with merthiolate (1:10,000) concentra­
tion at 4C. 
^befer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilutions. 
The Ouchterlony Gel Diffusion Test (GOT) 
A GOT was utilized in the comparison of pathogenic and nonpathogenic 
T. hyodysenteriae antigens against unabsorbed and absorbed individually 
pooled rabbit antisera. The resulting reaction of antigen-antibody com­
plexes in the form of precipitating bands is shown in Figures 8 and 9. 
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Table 24. Comparison of pathogenic and nonpathogenic antigen preparations 
of Treponema hyodysenteriae against unabsorbed and absorbed 
antisera in the indirect fluorescent antibody test 
Antigen preparations 
Pathogens Nonpathogens 
number^ Treatment B204 B234 B297 4/71 
R 41 unabsorbed 80^ 320 160 320 
320 160 160 80 
R 41 absorbed, B204 0 320 0 0 
cellsC 0 80 0 0 
SD 804 unabsorbed 640 320 >1280 >1280 
640 640 >1280 >640 
SD 804 absorbed, B297 320 160 640 >1280 
cellsc 320 160 640 >640 
^Refer to Table 1 for history of sample source. 
^Titers expressed as the reciprocal of the serum dilutions. 
^Absorption of antisera with lOOx concentration of T. hyodysenteriae 
whole cells for 12 hours at 38C and 12 hours at 4C. 
Oral Inoculation of Guinea Pigs (GP) with Various Isolates 
of Treponema hyodysenteriae and Uninoculated Medium 
Pathogenic isolates 
Isolate 8204 Eight 3-week-old GP were inoculated orally with 
whole culture isolate B204 on day 1 and 2 after 36 hours of starvation. 
Four 16-week-old GP were orally inoculated with whole culture isolate 
B204 on day 1, 2 and 3 after 36 hours of starvation. Two of 4 GP died at 
time of oral inoculation. 
Figure 8. A reaction of specific antibody to Treponema hyodysenteriae 
antigens was determined in the ouchterlony gel diffusion 
test by the presence of visible precipitating bands. The 
sonicated antigen in well A was prepared from pathogenic 
isolate B204. The sera in well B and adsorbed sera (patho­
genic isolate 8204) in well C were from rabbits hyper-
immunized with pathogenic Treponema hyodysenteriae isolate 
BE34. The sera in well D and adsorbed sera (nonpathogenic 
isolate B297) in well E were from rabbits hyperimmunized 
with nonpathogenic Treponema hyodysenteriae isolate 4/71. 
Figure 9. A reaction of specific antibody to Treponema hyodysenteriae 
antigens was determined in the ouchterlony gel diffusion 
test by the presence of visible precipitating bands. The 
sonicated antigen in well A was prepared from nonpathogenic 
isolate B297. The sera in well B and adsorbed sera (patho­
genic isolate B204) in well C were from rabbits hyper­
immunized with pathogenic Treponema hyodysenteriae isolate 
B234. The sera in well D and adsorbed sera (nonpathogenic 
isolate B297) in well E were from rabbits hyperimmunized 
with nonpathogenic Treponema hyodysenteriae isolate 4/71. 
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Five 3-4-week-old 6P were orally inoculated with concentrated culture 
Isolate B204 on day 1 and 2 after 72 hours starvation. Two of 5 GP died 
at time of oral inoculation. The results of the oral inoculation of GP 
with isolate B204 are shown in Table 25. 
Isolate 8282 Isolate B282, which was recovered from an infected 
GP orally inoculated with isolate B204, was orally introduced as whole 
culture on day 1 and 2 into 7, 16-week-old GP after 36 hours starvation. 
Seven of 7 GP died at time of oral inoculation. 
Five 3-4-week-old GP were orally inoculated with whole culture iso­
late B282 on day 1 and 2 after 72 hours starvation. Inoculation of 2 pigs 
with cultures of T. hyodysenteriae isolate B282 resulted in the production 
of typical clinical signs and gross lesions of swine dysentery in both 
pigs. Treponema hyodysenteriae was not reisolated from the infected 
swine. The results of the oral inoculation of GP with B282 are shown in 
Table 25. 
Isolate B169 Five 3-4-week-old GP were orally inoculated with 
concentrated culture isolate B169 on day 1 and 2 after 72 hours starva­
tion. The results of the oral inoculation of GP with isolate B169 are 
shown in Table 25. 
Isolate B234 Twenty-five 3-4-week-old GP were orally inoculated 
with whole culture isolate B234 on day 1 and 2 after 72 hours starvation. 
One of 25 GP died at time of oral inoculation. 
Twenty-nine 3-4-week-old GP were orally inoculated with concentrated 
culture of isolate B234 on day 1 and 2 after 72 hours starvation. Four of 
29 GP died at time of oral inoculation. Isolate B473 was recovered from 
Table 25. Determination of pathogenicity of Treponema hyodysenteriae isolates for guinea pigs (GP) 
previously pathogenic for swine 
Inoculum Animals 
Titer Clinical observations SD Exp Number 
Treatment Passage Day 1® Day 2^ Day 3® number of GP Depression" Diarrhea^ Deaths 
B204 
Whole 
culture 
B204 
Concen­
trated 
culture 
11,12 1.0x10* 2.8x10® 2.0x10® 116,137 
12 2.5x10* 2x10' ND' 156 
10 
B282 
Whole 
culture 
8169 
Concen­
trated 
culture 
4,5 9x10: 1x10* 
10,11 1.7x101° 1x10 
ND 
ND 
145 
156 
Numbers are the approximation of viable cells per ml, 
^Number of GP showing signs of depression. 
'Number of GP showing signs of diarrhea. 
ND = not determined. 
Table 25. (Continued) 
Inoculum 
Titer 
Animals 
SD Exp Number Clinical observations 
Treatment Passage Day 1 Day 2 Day 3 number of 6P Depression Diarrhea Deaths 
B234 
Whole 
culture 
6234 
Concen­
trated 
culture 
11,12, 1.3x10» 1.7x10® ND 145,147, 24 
13,14 156 
11,12, 1.3x10* 2.2x10» ND 145,147, 25 
13,14 156,192 
16 
15 
A-1 
Whole 
culture 
13,14 1x10' 1x10' ND 189 
A-1 
Concen­
trated 
culture 
12,13 5.5x10* 2x10® 
14 
ND 156,189 8 
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an infected GP orally inoculated with concentrated T. hyodysenteriae 
isolate B234. 
Inoculation of 2 pigs with cultures of T. hyodysenteriae isolate B473 
resulted in the production of typical clinical signs and gross lesions of 
swine dysentery in both pigs. Treponema hyodysenteriae was not reisolated 
from the infected swine. The results of the oral inoculation of GP with 
isolate B234 are shown in Table 25. 
Isolate A-1 Five 2-4-week-old GP were orally inoculated with 
whole culture isolate A-1 on day 1 and 2 after 72 hours starvation. One 
of 5 GP died at time of oral inoculation. 
Ten 3-4-week-old GP were orally inoculated with concentrated culture 
isolate A-1 on day 1 and 2 after 72 hours starvation. Two of 10 GP died 
at time of oral inoculation. The results of the oral inoculation of GP 
with isolate A-1 are shown in Table 25. 
Clinical signs were observed daily. Blood and/or mucus in the feces 
was not evident in any GP orally inoculated with pathogenic T. hyo­
dysenteriae. However, depression at 2-8 DPI and diarrhea at 2-5 DPI were 
present in GP orally inoculated with pathogenic isolates (Figure 10). 
Forty-six of 84 GP were found dead during the experimental period. Post­
mortem examinations were performed at death or following euthanasia of GP 
showing clinical signs of diarrhea and/or depression. 
Postmortem results of GP orally inoculated with pathogenic isolates 
of T. hyodysenteriae are shown on Table 26. Thirty-seven of 84 GP had 
macroscopic lesions suggestive of swine dysentery in which the lesions 
were mainly limited to the large intestine. The serosal surface of the 
Figure 10. Illustration of clinical signs of diarrhea and mucus in a 
guinea pig orally inoculated with Treponema hyodysenteriae 
isolate B234. 
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Table 26. Postmortem results of examination of the large intestine of 
guinea pigs (GP) following oral inoculation with pathogenic 
isolates of Treponema hyodysenteriae 
Number of positive GP 
Treatment 
Number 
of GP 
Gross 
lesions 
Phase 
microscopy Culture 
B204 - whole 
culture 
10 1® 1 lb 
8204 - concen­
trated culture 
3 2 2 
8282 - whole 
culture 
5 0 0 0^ 
B169 - concen­
trated culture 
5 0 1 2^ 
8234 - whole 
culture 
24 12 10 13^ 
8234 - concen­
trated culture 
25 14 13 14^ 
A-1 - whole 
culture 
4 3 2 
A-1 - concen-
treated culture 
8 5 3 4" 
®GP positive for gross lesions similar to those seen in dysenteric 
pigs. 
^Isolation of T. hyodysenteriae through plating of dilutions and 
titrations of colonic material on TSA. 
""Isolation of T. hyodysenteriae through plating of colonic material 
on TSA-S400. 
^Isolation of T. hyodysenteriae through methods previously described. 
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cecum was occasionally hyperemic and distended (Figure 11). Macroscopic 
lesions of the cecum and occasionally the colon varied from catarrhal 
inflammation (Figure 12) to hemorrhages with lumen contents of soft normal 
debris to bloody, watery exudate (Figure 13). Occasional edema, autolysis 
and/or necrotic villi were seen in the small intestine. Coccidia were 
present in the crypts of a few GP cecums. 
Microscopically, the crypts appeared to have numerous T. hyo-
dysenteriae present with some goblet cell hyperplasia (Figure 14). The 
vessels of the lamina propria appeared in some GP to be congested. Severe 
autolysis and/or necrosis with areas of hemorrhage and edema were seen in 
the mucosa and in some cases complete erosion of the mucosal surface was 
noted. Leukocytic infiltration was seen in the lamina propria consisting 
mainly of neutrophils and macrophages. Salmonella spp. (serotype 4, 12: 
eh-monophasic) was cultured from 10 of 77 GP. This Salmonella serotype 
was present in 12.8% of the GP positive for gross lesions suggestive of 
SD, and the serotype was present in 13.1% of the GP negative for gross 
lesions. 
Thirty-two of 84 mucosal scrapings of GP cecal tissue were positive 
for T^ hyodysenteriae by phase microscopy. 
Nine of 84 GP were positive for T. hyodysenteriae through plating 
dilutions and filtrations of colonic material on TSA. Twenty-seven of 84 
GP were positive for T. hyodysenteriae through plating colonic material on 
TSA-S400. 
Figure 11. Serosal surface of distended cecum from a guinea pig 
inoculated orally with Treponema hyodysenteriae isolate 
B234. 
no 
Figure 12. Mucosal surface of cecum from a 4-week-old guinea pig 
inoculated orally with isolate B234. The surface is 
covered with mucofibrinous exudate. 
Figure 13. Mucosal surface of cecum from a 5-week-old guinea pig 
inoculated orally with isolate B234. The surface is 
covered with a bloody-watery exudate. 
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Figure 14. A Warthin-Starry stain of crypts from the cecum of a 
guinea pig orally inoculated with Treponema hyodysenteriae 
isolate B234. Numerous spirochetes are present in the 
crypts. 
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Nonpathogenic isolates 
Isolates B256, B297, 4/71, and Puppy Twenty 3-4-week-old GP were 
orally inoculated with isolates B297, 8256, 4/71 and Puppy (5 GP/isolate). 
One of 5 GP receiving the Puppy isolate died at time of oral inoculation. 
The results of oral inoculation are shown in Table 27. 
Clinical signs were observed daily. One GP orally inoculated with 
isolate Puppy had soft to loose fecal material at time of post-mortem; 
however, a diarrheal condition did not exist. Gross lesions were not 
present in the large intestine of GP orally inoculated with nonpathogenic 
isolates. 
Nine of 19 GP were found dead during the experimental period. Post­
mortem examinations were performed at time of death or following euthana­
sia of GP at the termination of the study or following the showing of de­
pression. Post-mortem results of GP orally inoculated with nonpathogenic 
isolates of T. hyodysenteriae are shown in Table 28. 
Five of 19 mucosal scrapings of GP cecal tissue were positive for 
T. hyodysenteriae by phase microscopy. 
Salmonella spp. (serotype 4, 12:eh-monophasic) was cultured from 4 of 
19 GP. 
One of 19 GP was positive for T. hyodysenteriae by culture on TSA-
S400, however, the zone of 3-hemolysis produced by the spirochete on blood 
agar was characteristic of that produced by nonpathogenic isolates. 
Controls 
Uninoculated medium Thirty-four control GP were orally inoculated 
with sterile TSB medium. Five of 34 GP died at time of oral inoculation. 
Table 27. Determination of pathogenicity of Treponema hyodysenteriae isolates for guinea pigs (GP) 
previously nonpathogenic for swine 
Inoculum Animals 
Titer Clinical observations 
Isolate Passage Day 13 Day 23 
%J\J L.Ap • 
number of GP Depression^ Diarrhea^ Deaths 
B256 16,17 9x10® <10® 189 5 2 0 3 
B297 13 3x10® 1.3x10* 192 5 0 0 3 
4/71 9,10 >9x10» 1.2x101° 189 5 0 0 0 
Puppy 16,17 2x10® 1.0x109 192 4 2 0 3 
Numbers are the approximation of viable cells per ml. 
^Number of GP showing signs of depression. 
'Number of GP showing signs of diarrhea. 
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Table 28. Post-mortem results of examination of the large intestine of 
guinea pigs (GP) following oral inoculation with nonpathogenic 
Treponema hyodysenteriae isolates 
Number of positive GP 
Number Gross Phase 
Isolate of GP lesions microscopy Culture 
B256 5 o" 2 0^ 
B297 5 0 2 0 
4/71 5 0 0 0 
Puppy 4 0 1 3 
®GP positive for gross lesions similar to those seen in dysenteric 
pigs. 
''isolation of T. hyodysenteriae through plating of colonic material 
on TSA-S400. 
Clinical signs of depression and/or diarrhea were not seen in this 
group during the challenge experiment. 
Eighteen of 29 GP were found dead during the experimental period. 
Post-mortem examinations were performed at time of death of following 
euthanasia of GP at the termination of the study. One of 29 GP was posi­
tive for pathogenic T. hyodysenteriae by culture. (This was believed to 
be caused by a mislabeling of plates.) No gross lesions or phase observa­
tions of T. hyodysenteriae were seen. Microscopically, the large intes­
tine looked normal with some necrosis and autolysis thought due to post­
mortem change (Table 29). 
Salmonella spp. (serotype 4, 12:eh-monophasic) was cultured from 3 of 
26 GP. 
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Table 29. Results of control guinea pigs (GP) used in transmission ex 
periments with pathogenic and nonpathogenic isolates of 
Treponema hyodysenteriae 
Animals Number of positive GP 
SD Exp. Number Gross Phase 
Treatment number of GP lesions microscopy Culture 
Uninoculated- 116,137, 29 0* 0 i" 
trypticase 147,156, 
soy broth 189,192 
^6P positive for gross lesions similar to those seen in dysenteric 
pigs. 
''isolation of T. hyodysenteriae through methods previously described. 
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DISCUSSION 
Large volume growth studies of T. hyodysenteriae were initiated in 
order to produce a sufficient mass of cells for challenge and vaccine ex­
periments. Kinyon and Harris (1974) earlier reported that growth of T. 
hyodysenteriae could be produced in small quantities using PRAS or 
aerobic-TSB with 10% PCS in an atmosphere of deoxygenated CO2 or HziCOz at 
37C. The present study successfully adapted their technique for the 
culturing of T. hyodysenteriae in bulk quantities of 180 and 1000 ml. 
Observation of improved growth of T. hyodysenteriae in flask cultures 
with deoxygenated HgiCOz rather than with deoxygenated CO2 alone supports 
previous data on stimulation by Hz (Kinyon, 1974). The differences in 
maximum growth of the organism in flask culture incubated with and without 
agitation may reflect on the amount of dissolved H2 in the medium. It 
seems that a larger inoculum (11%) of T. hyodysenteriae grows better when 
introduced into a flask culture than a smaller inoculum {!%). This dif­
ference may simply be related to the total number of viable cells in each 
inoculum. Growth of T. hyodysenteriae in flask culture was also better in 
TSB without dextrose (1%). The fermentation of dextrose by T. hyo­
dysenteriae when present in TSB (1%) could limit the growth of this 
organism by lowering the pH of the medium. The difference in growth rates 
of T. hyodysenteriae when grown in 180 and 1000 ml flask cultures very 
likely reflects an adaptation of the organism to flask culture conditions. 
An oral challenge experiment involving different quantities of 12th 
and 23rd passage T. hyodysenteriae was performed in pigs in order to 
establish a suitable challenge method for future studies. Both the 12th 
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and 23rd passage isolates were pathogenic when introduced intragastrically 
into 8-week-old secondary SPF pigs. This experiment demonstrated a 
gradient difference in pathogenicity between the two isolates with the 
12th passage organism exerting the greatest pathogenic effect (Table 8). 
One of 4 contact pigs acquired SD toward the end of the challenge study. 
This was considered unimportant because of the time difference of acquisi­
tion of swine dysentery between the contact pig and principal pigs. The 
challenge experiment demonstrated that intragastric inoculation of pigs 
with pure culture T. hyodysenteriae was sufficient for producing SD in 
susceptible swine. 
Resistance to SD was not produced in pigs orally vaccinated with an 
avirulent strain B78 T. hyodysenteriae (Table 7). Attempts to determine 
if the spirochete was established in the gut mucosa were not done. These 
pigs also lacked a serum antibody response to T. hyodysenteriae antigens 
at the time of challenge. Findings similar to these were demonstrated by 
Hudson et al. (1974), who failed to produce immunity in pigs by oral 
vaccination with isolate A-1 (T. hyodysenteriae) which had been passaged 
80 times in vitro. The above results indicated that avirulent T. hyo­
dysenteriae were either unable to become established in the large intes­
tine or after establishment in the gut, the organisms were unable to 
trigger a specific immune response against pathogenic T. hyodysenteriae. 
In contrast, Gonzalez et al. (1950) noted resistance of monkeys to shigel­
losis following oral vaccination with live or killed S. paradysenteriae; 
however, they failed to demonstrate an increase of serum antibody to S. 
paradysenteriae antigens as a result of vaccination. Gordon et al. (1950) 
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were also unable to detect serum antibody in patients orally vaccinated 
with S. flexneri. These findings suggested that oral vaccination of hosts 
with an enteric pathogen will probably not produce a specific humoral 
antibody response. The possible production of coproantibody was not 
determined. 
A degree of resistance to SD was induced in pigs through parenteral 
vaccination, either IM and/or SQ with killed whole cells or concentrated 
cells of T. hyodysenteriae (Tables 9 and 10). Glock et al. (1976) vac­
cinated pigs IV with a formalin-killed preparation of T. hyodysenteriae 
and induced a significant protection in these pigs against SD over that of 
the controls. Collins (1970) demonstrated a delay of clinical salmonel­
losis of 1 to 2 days in challenged mice following parenteral vaccination 
with ethyl alcohol-killed S. enteritidis. However, if mice were vac­
cinated with a heat-killed preparation of S. enteritidis suspended in 
Freund's complete adjuvant, they were resistant to challenge with live S. 
enteritidis. Although Collin's experimentation involved a different host 
and enteric pathogen, his methods may be adaptable for swine dysentery 
vaccine studies. 
Selected swine from parenteral vaccination experiments and oral chal­
lenge experiments were significantly resistant at the pz.Ol level to re-
challenge with T. hyodysenteriae following a convalescent period of 35-45 
or 55-65 days (Exp. V). These results were consistent with Olson's (1974) 
studies in which he demonstrated an increase in resistance of pigs to 
crude inoculum challenge following recovery from SD. After 4 exposures, 
he demonstrated that recovered pigs were completely resistant to SD. 
Gaines et al. (1960) were able to show resistance of chimpanzees to 
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typhoid fever after all/2 year recovery period. Resistance to challenge 
was also demonstrated by Chuttani et al. (1972) in volunteers who had 
previously recovered from an induced typhoid infection. These results sug­
gested that once infected individuals had recovered from an enteric dis­
ease, refractiveness to reinfection by the causative agent was present. 
Rectal swabs from 8 of 29 convalescent pigs were cultured on TSA-S400 
plates for T. hyodysenteriae at the time of rechallenge. Six of 8 con­
valescent pigs were found to be shedding the spirochete at rechallenge but 
were not shedding the organism at the end of the rechallenge experiment. 
One of the 6 recovered pigs shedding the organism at the time of rechal­
lenge was not resistant to rechallenge. No conclusions could be made with 
regard to shedding of T. hyodysenteriae and resistance of pigs to reinfec­
tion with the spirochete. More work needs to be done in this area in 
order to determine if shedding of T. hyodysenteriae is related to resist­
ance of pigs to SD. High serum antibody titers were detected in pigs 
injected with various T. hyodysenteriae bacterin preparations and in pigs 
acutely affected with swine dysentery. At time of challenge, the highest 
serum titers were demonstrated in pigs receiving concentrated cells, con­
centrated filtrate and plate harvest cells. Serum antibody, after reach­
ing its peak level in recovered pigs at 15-20 days post infection, de­
clined in titer for the remainder of the recovery period and was at a low 
level at time of rechallenge (Figure 5). No direct relationship was noted 
between serum agglutination titers in pig sera and resistance to chal­
lenge. 
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One of 7 convalescent pigs which were resistant to pure culture 
challenge with T. hyodysenteriae isolate B204 was resistant to rechallenge 
with colonic contents from an acute SD case (Exp. VI). Although some 
resistance to rechallenge was shown by all 7 pigs, this resistance was not 
significant at the pi.05 level when compared to that of the controls. 
Several differences existed between Experiment V and VI, any one of which 
could explain the difference in results. Pigs rechallenged with pure 
culture inoculum had a shorter recovery period from SD than pigs re-
challenged with colonic material. Also, Experiment VI was not properly 
controlled with a rechallenge of recovered pigs with pure culture materi­
al. Therefore, the possibility existed that rechallenge of recovered pigs 
with crude contents of infected pigs was more severe than a rechallenge 
with pure culture T. hyodysenteriae. 
Parenteral adoptive transfer of cells, serum or cells and serum from 
early convalescent pigs failed to protect recipient swine from acquiring 
SD from a pure culture challenge with T. hyodysenteriae isolate B204 
(Table 14). In contrast to these results, Genho et al. (1971) demon­
strated "some immunity" to SD in pigs injected intramuscularly (IM) with 
precipitated globulins harvested from convalescent swine. Schwartz and 
Glock (1976) have demonstrated a similar refractiveness to reinfection 
with T. hyodysenteriae in pigs which received injections (IP) of con­
valescent, hyperimmunized swine sera. Freter (1956a) demonstrated re­
sistance of GP to fatal enteric cholera by passive oral immunization with 
somatic (0) antiserum. However, passive immunization of GP with immune 
serum by the intraperitoneal route was not protective against cholera. 
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Actor and Pitkin (1973) demonstrated protection in mice against a poten­
tially lethal Vibrio infection. These mice had been administered either 
immune sera or peritoneal cells or normal peritoneal cells exposed in 
vitro to immune sera prior to challenge. The lack of immunity to SD in 
recipient pigs receiving sensitized peritoneal cells from convalescent 
pigs may have been due to immunological incompatibility of the donor's 
cells with the host immune system. The donor's cells may have been 
eliminated from the host prior to sensitizing the host's immunocompetent 
cells against the antigens of T. hyodysenteriae. However, the differences 
between the results of this experimentation and the above papers dealing 
with passive immunity to SD through sera transfer could only be explained 
by either differences existing in the titer of the immune sera or differ­
ences existing in the severity of challenge of the recipient pigs. 
Nodular growths were found at the injection sites of the majority of 
the swine receiving the adjuvant-bacterin. This growth appeared to be a 
mass of granulocytes in a layered formation brought on by the immune 
response. 
An agglutination test was developed in order to test the immune re­
sponse of pigs to T. hyodysenteriae infection. Preliminary studies with 
this serological method were performed on a trial and error basis. A set 
of pooled sera from pigs and from rabbits were collected in order to test 
and compare various parameters with the same sera. The first parameter 
examined in the test was antigen preparations consisting of live unwashed, 
inactivated unwashed and inactivated washed antigen. Both the live un­
washed and inactivated unwashed antigen preparations were shown to have 
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adequate sensitivity but lacked the repeatability needed for consistent 
results. The inactivated antigen preparation was shown to be both sensi­
tive and consistent when reacted against the standard sera (Table 16). 
The inactivation of antigen at either 4C or 37C for 24-26 hours was 
examined in the microtitration test using standard sera. The inactivation 
of antigen at 37C for 24-36 hours resulted in an antigen which produced 
high nonspecific antibody titers when reacted against standard unexposed 
sera. This antigen was unacceptable for serological testing (Table 17). 
In an attempt to decrease the nonspecific reaction of the standard 
unexposed serum titers, NaCl (2.5%) and gelatin (.01%) were added to the 
PBS diluent and compared to the PBS diluent in the microtitration aggluti­
nation test. The addition of NaCl and gelatin appeared to have no effect 
in removing the nonspecific reaction and therefore the two parameters were 
eliminated from the test (Table 18). 
The greatest level of sensitivity and consistency was demonstrated in 
the MAT by using a diluent of pH 7.2 and heated (56C for 30 min.) serum. 
The nonspecific titers of unheated, standard, unexposed sera were high and 
unacceptable (Table 19). 
An increase in reactivity of the MAT and a lowering of nonspecific 
titers standard unexposed sera were demonstrated by using antigen cultured 
for 36 hours under deoxygenated HziCOz and constant agitation (Table 20). 
Based on the above findings, the following parameters were used in 
the MAT: antigen cultured at 38C for 36 hours, washed antigen inactivated 
with merthiolate for 24-36 hours at 4C, sera heated at 56C for 30 minutes, 
and a diluent of PBS (pH 7.2). 
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An attempt was then made to critically evaluate the MAT for its use­
fulness as a routine serological procedure. A high level of consistency 
and sensitivity were exemplified by the results obtained with this test. 
The greatest discrepancy between or within antigen batches was a fourfold 
difference (Table 21). A surprising feature was noted in the agglutina­
tion results of nonpathogenic and pathogenic antigen preparations against 
swine, GP, and rabbit antisera. The pathogenic antigen preparation re­
acted specifically against antisera to pathogenic isolates and nonpatho­
genic antigen reacted specifically against antisera to nonpathogenic iso­
lates (Table 22). The failure of the pathogenic and nonpathogenic antigen 
preparations to cross-react with antisera was probably due to different 
outer envelope antigens on the pathogenic and nonpathogenic T. hyo-
dysenteriae isolates. 
Specificity of the pathogenic T. hyodysenteriae isolate B204 antigens 
to pathogenic antisera was shown by adsorption experiments with isolate 
B204 cells and swine, rabbit antisera (Table 23). Hunter and Saunders 
(1973) developed a tray agglutination test for use in the diagnosis of SO. 
They demonstrated serum antibody to T. hyodysenteriae in 15 swine herds; 
however, no differences were seen with low level reactions from either a 
normal farm or a farm with a history of SO. Therefore, it appeared that 
this test was of no value in detecting individual pig titers to T. hyo­
dysenteriae but rather the test appeared to be useful on a herd basis. 
Researchers working in syphilis research have also reported using an 
agglutination test for diagnosis of specific T. pallidum antigens (McLeod 
and Magnuson, 1953; Hardy and Nell, 1955). 
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The sera of unexposed pigs contained agglutinating titers to T. 
hvodysenteriae antigens which seemed to increase with the age of the pig 
(Figure 6). This may have been due to continual exposure of pigs to 
antigens related to T. hyodysenteriae. 
In contrast to the agglutination reaction, a cross-reaction was ob­
served with nonpathogenic and pathogenic isolate antigens against antisera 
specific to both types of isolates in the IFAT. The sensitivity of the 
IFAT compared to the agglutination test appears to be very interesting. 
Adsorption of a antiserum produced against pathogenic T. hyodysenteriae 
with a heterologous pathogenic isolate removed antibody to both heterolo­
gous pathogenic and nonpathogenic T. hyodysenteriae antigens; however, 
adsorption of a antiserum produced against nonpathogenic T. hyodysenteriae 
with a heterologous nonpathogenic isolate failed to take out antibody 
against antigens from both heterologous and homologous systems (Table 24). 
Different antigens must be involved in the IFAT than in the agglutination 
test in which the former test appears to react to a shared antigen in both 
the pathogenic and nonpathogenic system. Glock and Schwartz (Iowa State 
University, personal communication) have demonstrated the presence of 
antibodies to T. hyodysenteriae in hyperimmunized and convalescent swine 
sera using the IFAT. Their results indicated a lack of sensitivity and 
repeatability with the test. 
Lee and Olson (1973) measured the immune response of pigs using the 
IFAT and demonstrated a relationship of severity and duration of diarrhea 
and the development of a serum titer. Other researchers have reported 
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success with the IFAT and FAT in confirming SD from feces and colonic 
material (Terpstra et al., 1968; Akkermans and Pomper, 1973; and Saunders 
and Hunter, 1974). Deacon et al. (1957) reported favorable results with 
an IFAT used in detecting antibodies to T. pallidum. They stated that the 
test was not time consuming and was inexpensive to run. 
Results similar to those seen in the IFAT were demonstrated in the 
GOT using adsorbed and unadsorbed sera. A cross-reaction was noted by the 
appearance of identical precipitating bands between the nonpathogenic and 
pathogenic systems. At least two different antigen-antibody complexes 
could be detected by comparing the precipitating lines formed in reacting 
unadsorbed and adsorbed sera against soluble antigen. 
This was the first report of the development of a laboratory animal 
model for SD. Other researchers have failed in their attempts to produce 
a swine dysentery-like syndrome in GP (Glock, Iowa State University, 
personal communication; Hughes et al., 1975). 
Guinea pigs have served as experimental models in cholera (Koch, 
1885; Burrows et al., 1947; Cantacuzene and Marie, 1914) and in shigel­
losis (Freter, 1956b) research. Although workers were successful in pro­
ducing these enteric diseases in GP, they did so only after extensive 
treatment of the GP with antibiotics, carbonates and/or opium. Treatments 
involving chemicals or additives were not used in GP orally inoculated 
with T. hvodysenteriae. 
Preliminary studies with various inoculation and feeding methods were 
examined for the challenging of GP. The following methods gave the most 
consistent results: male GP weighing 150-200 g, a 72 hour starvation 
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period prior to oral challenge, a 6P diet of oats and lettuce after oral 
inoculation, and an inoculum containing high viable numbers of whole and 
concentrated bacterial cells. 
Minimal results were achieved by inoculating GP with T. hyo-
dysenteriae, isolate B204. Isolate B234, T. hyodysenteriae was found to 
be very pathogenic for GP. Oral inoculation of GP with whole culture 
isolate B234 produced gross lesions typical of SD in 12 of 24 GP, and 
after oral inoculation of GP with concentrated (lOx) 8234, 14 of 25 GP 
developed lesions typical of SD. Other pathogenic isolates were also 
successful in producing lesions in GP similar to those in SD, especially 
when inoculated in the concentrated form (Table 26). 
The histopathological examinations of infected cecal and colonic 
tissue revealed characteristic lesions similar to those in SD. The crypts 
of infected GP contained numerous spirochetes; a characteristic sign 
which is often seen in the crypts of pigs infected with SD. 
Nonpathogenic isolates of T. hyodysenteriae failed to produce lesions 
typical of SD in orally inoculated GP (Table 28). Puppy isolate was 
cultured from the colonic material of 3 of 4 GP orally inoculated with 
this organism. 
One control GP had a pathogenic isolate cultured from its colonic 
material at post-mortem which may have been due to a mislabeling of TSA-
S400 plates (Table 29). 
Although Salmonella spp. (serotype 4, 12:eh-monophasic) was cultured 
from 10 of 72 GP, no lesions were associated with the presence of the 
organism. 
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SUMMARY 
Pigs were orally and/or parenterally vaccinated with T. hyodysen­
teriae in attempts to induce an immune response of the animals to SO. 
Thirty-four pigs parenteral1y vaccinated with various T. hyodysenteriae 
bacterin preparations were not immune to SD when challenged. Also, 6 pigs 
orally vaccinated with live avirulent T. hyodysenteriae were not resistant 
to SD. However, 18 of 20 pigs orally infected with pathogenic T. hyo­
dysenteriae were resistant to rechallenge following recovery from SD. 
A microtitration agglutination test was developed which provided a 
means to determine titers of agglutinating antibody in pig, rabbit and 
guinea pig sera. High titers of agglutinating antibody could be produced 
in the sera of pigs by parenteral administration of T. hyodysenteriae 
antigen. However, resistance to challenge with T. hyodysenteriae did not 
always correlate with the serological response. 
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